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ABSTRACT 

In the first of two experiments, 12 closely shorn 
yearling wethers receiving hay either in the long form 
(hay-fed sheep), or in the pelleted form (pellet-—fed sheep), 
were acclimated to temperatures of 0.8, 10.0 and 17.7 Cc. 
Measurements were made of the apparent digestibilities of 
dry matter (DM), energy (E), nitrogen (N), and acid—deter- 
gent fiber (ADF). Feed intake was maintained at the same 
level throughout the experiment. Water consumption was 
higher in the hay-fed sheep than in the pellet-fed sheep 
and tended to decrease with decreasing temperature. The 
apparent digestibilities of DM, E, N and ADF were lower for 
the pellet-fed sheep than for the hay-fed sheep (P<0.001). 
The decreases in apparent digestibility (%) of DM, E and 
ADF per degree (C) drop in environmental temperature were 
respectively, 0.19, 0.08 and 0.25% for the hay-fed sheep 
andmOe 216 (OlWOrand).0 23% for the pellet-fed sheep. The 
regression coefficients for DM and E in the hay-fed sheep 
were not statistically significant (P>0O.05). Temperature 
had no Significant effect on apparent N digestibility. 

In the second experiment, six mature, rumen fistulated 
and closely shorn sheep received a pelleted-hay ration and 
were used in experiments to determine the effects of pro- 
longed exposure to 21.2 and 1.3 C on the apparent digesti- 
bility of DM, reticulum motility and retention time of 
feed in the digestive tract. DM digestibility was signifi- 


cantly reduced by 0.18% per degree (C) drop in temperature 
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(P<0.05). Mean retention times, determined from the 


fecal excretion patterns of ayes 


following a single 
injection of the isotope into the rumen, were Significant~ 
ly (P <0.05) reduced from 38.5 hours in the warm exposed 
Sheep (21.2 C) to 32.5 hours in the cold exposed sheep 
CoeG)peeelhoumean reticulum contraction frequency was 
Significantly (P<0.0005) increased from 60 in warm ex-~ 
posed sheep (21.2 C) to 72.5 contractions per hour in cold 
exposed sheep (1.3 C). 

Serum thyroxine (Ty) and triiodothyronine (T3) con- 
centrations were Significantly (P<0.05) higher in sheep 
exposed to the cold compared to the sheep in the warm 
temperature treatment, 

These experimental determinations suggested that 
increased reticulo-rumen motility of sheep in a cold 
environment may be a factor in reducing the mean retention 
time of digesta in the digestive tract, which, in eb hres «hy 
reduces DM and ADF digestibilities. A possible influence 


of thyroid hormones on digestive function is discussed, 
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INTRODUCTION 

Several documented experiments have indicated that 
cold environmental temperatures appear to have an adverse 
effect on the digestive efficiency in sheep and cattle, 
It has been reported that the apparent Gi FeSstipidityeor 
feed decreases in sheep and cattle exposed to decreasing 
environmental temperatures, However, the physiological 
basis for this effect of temperature is not understood 
and it has not been established whether a linear relation-— 
ship exists between environmental temperature and the 
apparent digestibilities of dry matter, energy, nitrogen 
and fiber in sheep and cattle. There is evidence that 
short-term temperature changes may influence rumen Mois Gy: 
in cows and that the mean retention time of digesta in the 
digestive tract of steers may be affected by environmental 
temperature, However, ns sue of prolonged exposure 
to various environmental temperatures on reticulo—rumen 
motility and mean retention time of digesta in the diges- 
tive tract have not been simultaneously determined and 
related to digestibility of feed. Therefore the objectives 
of this study were to determine, first of all, if a 
linear relationship existed between environmental tempera- 
ture and the apparent digestibility of dry matter, gross 
energy, nitrogen and fiber in sheep fed either a processed 
Or a non-processed ration; and secondly, to determine if 
the effects of environmental temperature on the apparent 


digestibility of feed were related to changes in reticulo- 
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rumen motility and the mean retention time of digesta in 


the digestive tract in sheep. 
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LITERATURE REVIEW 

When sheep are exposed to cold environmental tempera- 
tures several physiological changes occur. They include 
a decreased rate of evaporation from the reSpiratory 
tract (Schmidt-Nielsen et al, 1970; Slee, 1973a) and body 
surfaces (Sykes and Slee, 1968; Blaxter et al, 1959a; 
ulewedere NS euke 1959p), vasoconstriction of blood vessels 
in the body surface (Bailey et al, 1962; Joyce and Blaxter, 
1964; Slee, 1968; Sykes and Slee, 1968; Meyer and Webster, 
1971; Slee,19/73a), “increased muscle’ tone" (Sykes and ‘Slee, 
1968; Slee, 1970), increased heart rate (Slee, 1973b; 
Donnelly et al, 1974), increased food intake (Joyce and 
Blaxter, 1964; Baile and Forbes, 1974), increased meta- 
bolic rate (Slee, 1972), reduced critical temperature 
(Graham et al, 1959; Webster et al, 1969) and changes in 
neuroendocrine activities (see Chatonnet, 1967). 

Similar physiological adjustments to cold exposure 
were shown in cattle (Blaxter and Wainman, 1961; Webster 
Gteal, 1.9/0; Wecster, 1970 and 1971; Berman and Meltzer, 
1973; Bell and Thompson, 1974; McDowell, 1974; Ames and 
Tieley, tov) and ine deer, «(Moen,. 1o74)r 
l. The Effect of Prolonged Exposure to Cold on Sheep 

(Cold Acclimation) 

When sheep were acclimated to a cold environmental 
temperature the resistance to cold stress increased and 
there waS an increase in resting oxygen consumption which 


persisted even when the sheep were exposed for short 


putozives b 
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periods to + g° c (Webster et al, 1969). Slee (1974) 
confirmed his initial findings (Slee and Sykes, 1967) 
that acclimation in sheep becomes apparent 
about 1 to 2 weeks after one or more acute cold exposures 
(200 - 600 min), It was also observed that there were 
significant breed differences in sheep in both the initial 
resistance to cold and to the level of acclimation. 
Arising from his experimental results, Slee (1974) con- 
cluded that the process of acclimation to cold in sheep 
could be divided into two components: 1, acclimation as a 
result of an increased peak metabolic rate Capability 
(PMRC), inferred from increased skin temperatures (and 
heat loss) and increased heart rates and rectal tempera- 
tures; and 2, acclimation as a result of an increased 
resting metabolic rate (RMR) evidenced by increased heart 
rates at thermoneutraiity. Increased PMRC following 
acute cold treatments did not disappear until about 8 
weeks after returning the animals to a thermoneutral 
environment while increases in PMRC following chronic 
cold treatments disappeared by about 2 to 4 weeks. How- 
ever, 1nCrCascd RMR asia Cesultsof either: Chronic, or 
acute cold treatments disappeared by 8 days after 
returning the cold acclimitized sheep to a thermoneutral 
environment, 

Slee (1974) concluded that the ability of sheep to 
retain PMRC for long periods of time was a valuable sur- 


vival feature for living in long-term fluctuating weather 
















a ae a. s 
7 ‘ 


(pret) acta i(eaes sods testy a Pe + oo Blea, : ™ 
(Laer ,esaua Bde dale) epatinht ee kiiqn Cht Beene enes - 

insteqas earned geeiie, tt aAitamihiges sao 
16 xc “FO ano TeIIs SReaw Sud L dueda oe 


v 
, 


Sapeoqns Hho 
sio*t wiott tsft Bavterdo. cate taw UF ,« fhe GR -7eaey | 


/ 
telubat edd aded nt qsdfe ih sauce dT Meeyd Jneoeeiager | , 


favel art of Oise foo <¢o Gonese eee 


epee (856T) sfa<e2tvoget ingamtisone ald mots preteen 


[orq efs Jade Beliiis 


tT 
v 
hi 


5B Re notsdandiocs .f wianernoght> ows cit bebiv Ry sd Bites 
WIE! 52 6307 oléton Neaa Eetacitorl oe 2o S2iosen 

* : -_— _ es a eos —- > A ae $. fe 
‘'<' ; Tels Qisas ff ic SBS 27iis Sis LSS Rosas fOss) 


hregcetturl- Gas |) S58 jJeaqf 


. 


ar S oo Ge35 Lawes 
{i} mol Vee Bow tid PCaun). Ste? sbiagesean, renee y & | 
; d i: "7 4 ? ; ae 7 het to -s7e- om foeegnt +5 ghey 


= ' : Hh 


¢ od in ‘ ._ we a ans D a a + @) . 
Ss ‘tk “2¢ mB é PhS re ® * a? 4) at ae 35 Ss) Lee tu LOS 233 


a 


Liss veaeintor’ 6 OF \aLertine era Site of sB73H @ieaw | - 
Sinoids paliwollok DaM9 cL Beeeabore S0ie? Jtehiqas tees 
~eai) »nusew. > ef) S Junds vo heteogqnels “es conmtaess ies 


1 ~ * i fe 78 I Pt 
36.. ,2WLIAGIM2Q taht is jo’ Sisisoxn | Ss AM Cosessord. ,37See 





Fite Syst 6 VN Doapaiges Lb etgstl sett Did. eFipsp 
7 : = ; A ‘. aT en - 


alte _ ea vs | 5 abs -, Me a aoe vy a , . 










conditions whereas at the Same time, a short-term increased 
RMR response to cold temperature would give sheep the 
ability to conserve energy during periods of mild weather. 
Zeeliesnitrects of Cola on Apparent Digestibility of Feed. 

Recent investigations (Young and Christopherson, 1974; 
Warren et al, 1974) indicate that when ruminants are expo- 
Seemtomcoldmen vy ponuien ta latempetal ules digestive eft i ciency 
appears to be reduced. Graham et al (1959) were among the 
first investigators to notice an increase in apparent dig- 
estibility with an increase in environmental temperature. 
They observed by regression analysis that the apparent 
digestibility of food in sheep increased by about 1% for 
SVveove Lm mi nCrCacecm1 Neen vi COnmen tal vemperalLure. They 
suggested that the reduction in apparent digestibility in 
the sheep exposed to cold temperature treatments may have 
resulted froma decreased fermentation rate within the 
feces. However, Fuller and Cadenhead (1969) demonstrated 
that the change in apparent digestibility observed could 
not be attributed to a differential fermentation rate of 
the excreted, feces  priorsto collection in cold and warm 
environmental temperatures. 

Blaxter and Wainman (1961) investigated the energy 
metabolism of steers exposed to cold and observed similar 
reductions in apparent digestibility with decreasing 
environmental temperatures. The apparent digestibilities 
of protein, carbon and energy were reduced by 3.4, 5.1 


and 4.4% respectively for one steer (Amos) and 3.4, 5.0 and 
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4.5% respectively in the eenos Steer (Andy) when the 
temperature was reduced from 35.1 to 3.8 C, However, when 
the temperature was reduced further (-4.8 C), the apparent 
digestibility of protein, carbon and energy was increased 
by 2.1, 2.4 and 1.7% respectively for Amos and 1.6, 1.5 
and 1.1% respectively for andy, The steers were exposed 
to each temperature treatment for 4 days before commence- 
ment of the digestibility trial. 

Interestingly, Bailey (1964) observed that when sheep 
were exposed to -1l C, after being exposed for a week to 
20 C no decrease in DM digestibility occurred. However, 
when the sheep were returned to the environmental tempera- 
ture of 20 C for another week, a Significant increase in 
dry matter (DM) digestibility was observed (all the sheep 
received chopped alfalfa hay). 

Moose et al (1969) found that sheep fed a high concen- 
trate ration nad a greater coefficient of digestibility 
when exposed to an environmental temperature of 23 C 
than at 0 C, but sheep fed a low concentrate diet had a 
greater coefficient of digestibility at an environmental 
temperature of O C, than at 23 C. In another trial,. Moose 
et al (1969) found the reverse relationship to be true. 

In cattle, Sharma and Kehar (1961) found DM digestibility 
to decrease with increasing environmental temperatures, 

They suggested that the increased water consumption by the 
heat stressed animals may have caused the digestive tract 


to be cleared out faster and thus reduce digestibility of 
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feed when exposed to higher temperatures, Graham (1964) 
found that sheep, fed a low energy ration, had a depressed 
energy digestibility of 0.47% per degree (Cc) drop in 
temperature when exposed to temperature treatments of 10 
ande3s5 4G; 

Young and Christopherson (1974) collated several of 
their experimental results from both Sheep and cattle and 
calculated that the apparent digestibility of 
DM decreased by 0.24% for every 1 C drop in environmental 
tauechee. Their results also indicated that the aver- 
age decrease in DM digestibility in sheep (0.307% / 1 Cc) 
was greater per degree change in environmental temperature 
than that observed in calves (0.265% /1C). The sheep 
and calves were fed respectively, pelleted and cut feed. 
Temperature treatments had no effect on the DM digestibil- 
ity in mature cows fed a long hay ration, 

Warren et al (1974) demonstrated that the mean diges- 
tibility of DM in Holstein steers, (397 kg, average body 
wt.) fed a cut hay ration dropped from 67.0% when exposed 
to 32 Cc for 7 days to 62.8% when exposed to 18 C for the 
same length of time, A reduction in the digestibility of 
ADF, cellulose and neutral—detergent fiber also occurred 
when the steers were exposed to the colder temperature as 
compared to the steers exposed to 32 C. Davis and Merilan 
(1960) found that feed digestibility increased by 4,35% 
and 6.2% when Holstein cows were moved to an environ- 


mental temperature of 32 C and 40% relative humidity and 
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32 C and 50% relative humidity, respectively from a cont-— 
rol environmental temperature of 18 C and 50% relative 
humidity. 

Although a large number of references in the litera- 
ture suggest that digestibility in ruminants is influenced 
in a positive manner by temperature, there are also a few 
exceptions and inconsistencies. The reasons for these 
exceptions are not readily apparent but might be related 
tCoethe degree to which a ration is processed, short dura-— 
tion of temperature exposures, or variability in the pre- 
VIOUS environmental history of the animals. It would 
Clearly be desirable to characterize the relationship 
between digestibility and prolonged exposure to well 
defined, controlled environmental temperatures, 

3. The Effect of Processing Feed on the DM Digestibility 
of Feed in Sheep. 

It has been shown quite conclusively that processing 
hay by pelleting or cutting depresses DM digestibility 
in both sheep and Sears Balch (1950) was one of the 
first investigators to show that the digestibility of 
food was depressed in cows when long hay (non-processed) 
rations were ground (processed) or when concentrates were 
added to ground hay rations. Subsequent workers (Meyer 
et al, 1959; Blaxter and Graham, 1956; Beardsley, 1964) 
have confirmed Balch's findings and in general show that 
pelleting a mixture of concentrates and forages not only 


increased their acceptability and intake but reduced the 
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DM and crude fiber digestibility (see Blaxter and Graham, 
1956; Minson, 1962; Greenhalgh and Wainman, 1972; Green- 
haloahgands Reidge 107 3sChurch;,1969)...,Johnson et al (1964) 
Clearly showed that the pelleting of hay rations fed to 
sheep depressed they apparent. digestibility of DM, organic 
matter, cellulose, crude fiber and energy. However, sheep 
fed the pelleted rations compensated for the depressed DM 
digestibility by increasing feed intake. These AU Beeneat 
in apparent digestibility of food in ruminants between 
processed and non-processed rations have been shown to 
occur without regard to the environmental temperatures, 
Environmental temperature may not affect DM digesti- 
bility in ruminants if they are fed non-processed hay 
rations since, in all the experiments in which tempera- 
ture was shown to influence digestibility, the animals 
were consuming diets consisting of either cut or pelleted 
forages or a mixture of cut forage and grain. The cows 
used in the experiments by Young and Christopherson (1974) 
received long-hay rations and showed no difference in DM 
digestibility when exposed to an environmental temperature 
oft) 1eC ea Ore eG.nelhnis May ssuggest, the possibility of 
an interaction between phySical form of the diet and the 
effect of temperature On digestibility. This question 


requires further study. 
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4, The Effects of Temperature on Water Intake and the 
) Relation of Water Intake and Water Temperature to 
Digestibility of Feed in Cattle and Sheep. 

water intake increases with increasing environmental 
temperature as shown by several investigators, Bailey 
et al (1962) reported mean values of 797 and 1620 ml/day 
for sheep exposed to temperature treatments of -12 C and 
Bec} respectively. Similar determinations were reported 
by Bailey (1964) and Butcher (1974) for sheep, and by 
Gengler et al (1970) for cattle. Furthermore, Bailey 
(1964) reported that the sheep with the smaller water 
intakes and exposed to the cold treatments had greater 
urine and smaller apparent insensible water losses than 
the sheep exposed to the warm treatments, 

Bailey et al (1962) reported that, although ines 
temperature of the drinking water (0 C to 30 C) positively 
influenced the body temperature of the sheep in the cold 
Chamber,, nosignificant differences in water consumption 
occurred when the water temperatures were varied from 0 
to 30 C. The mean rumen temperature of the sheep exposed 
to the cold treatments (0 C) was not affected by the 
temperatures of the drinking water. When Cunningham et 
al (1964) subjected Holstein cows to drinking water at 


four different temperatures 1, 14, 27 and 39 c the 


9 
cows consumed significantly (P< 0.05) less 1 C water than 
14, 27 or 39 GC water, and significantly (P< 0.05) more 


39 C water than 14 or 27 C water, 
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However, the temperature of the water consumed, or 
the amount of water consumed irrespective of its tempera-— 
ture may have very little influence on DM digestibility 
in cattle or sheep exposed to cold environmental tempera- 
tures, In the work of Cunningham et al (1964) DM, energy 
and crude protein digestibility coefficients a oenetedi fier 
between cows consuming water of different temperatures, 
But they failed to make any reference to their data that 
the cows in trial one, which were exposed to an average 
environmental temperature of 11.7 iu 5-be.C hnaGgehigner 
digestibility coefficients than the cows in trial 2, 
which later on in the year were exposed to an average 
environmental temperature of 2,8 3016.8 C. 

It therefore seems reasonable to conclude that sheep 
tend to drink less water in the cold, and possibly still 
less water if the water temperatures are close to freezing 
(Butcher, gu 9/4)a with ttle or no effect on the apparent 
digestibility of feed, 

5, The Effects ae Temperature on Retention Time in the 
Digestive Tract, 

A general hypothesis, deduced from the work of several 
investigators (see Church, pp 94-97, 1969) is that ground 
and pelleted roughages pass through the alimentary tract 
faster than long roughages, and because of this Brn Gees 
the ruminant can eat more of the ground, or pelleted 
roughage per unit time without exceeding the capacity of 


the gut (see reviews by Church, 1969 and Campling, 1970; 
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Johnson et al, 1964; Greenhalgh and Ried, 1973; Warren ae 
al, 1974; Grovum and Hecker, 1973). Colder temperatures 
appear to induce cattle and sheep to eat more, since the 
demand for energy to keep warm is greater. (Baile and Forbes, 
1974). The possibility that the increased feed intake of 
ruminants in the cold is due to an enpaneed rate of passage 
Sot digesta through the tract has not been investigated, 
Very little work has been done on the enesets of environ- 
mental temperature on retention time of digesta in cattle 
and sheep. Warren et al (1974) demonstrated that in steers 
exposed to warm environmental temperatures (32 C) compared 
tos the control eee A onhehtal temperatures (lee) noteonly 
was DM, ADF, cellulose and neutral-detergent fiber digesti- 
bility increased, but mean retention time of digesta was 
increased significantly, as well. WRereLOre. it is pos- 
Sible that changes in the Neaneretention stimeroL digesta 
in the digestive tract contribute to the changes in appa- 
rent digestibility of feed in ruminants exposed to differ- 
ent environmental temperatures, 
6. The Effects of Temperature on Reticulo-Rumen Motility. 
Attebery and Johnson (1969) were able to show that 
the amplitude and frequency of the rumen contractions were 
Significantly (P<0.05 by Tukey's test) increased in Hol- 
stein cows exposed to cold (18 C) when compared to Hols— 
tein cows exposed to a temperature of 35 C. The average 
frequency of contraction per minute for cows exposed to 


S5SECtwasw le Senator cows exposed sto 18 Ciwase1.95' to'2.23 
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and for cows exposed to 2 C was 1.86. In fasted animals 
Similar differences in frequency and amplitude were shown 
but at proportionately lower magnitudes, 

Attekery and Johnson also noted, in cows exposed to 
high temperatures, a depression in the total volatile 
fatty acids (VFA). This depression in VFA concentration, 
they suggested, was probably due to inadequate mixing by 
the rumen as a result of its decreased achivitty..melhnets 
results, however, might indicate an enhanced absorption 
at the higher temperatures, Bhattacharya and Warner 
(1968) showed that feed intake was increased in cows when 
the rumen was cooled (5 C) with an intraruminal cooling 
coil. Baile and Mayer (1968 and 1970) reported that feed 
intake was depressed when relative acetate molar concent— 
rations were increased in the reticulo-rumen fluid and 
postulated the presence of acetate receptors located on 
the lumen side of the reticulo-rumen and especially in 
the dorsal rumen. Propionate depressed feed intake when 
the concentrations were increased in the portal system, 
where it was suggested that receptors especially sensitive 
to propionate are probably located. It was confirmed by 
Gengler et al (1970) that lower VFA concentrations (Weldy 
et al, 1964; Kelley et al, 1967) and depressed feed intakes 
occurred in cows exposed to high temperatures. It is 
ane eteuicats reconcile the involvement of rumen VFA con- 
centration with the effects of temperature on appetite 


Since the change in VFA concentration induced by heat 
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exposure is opposite to that which would depress appetite, 

On the other hand, an enhanced absorption of VFA into the 

portal system at higher temperatures might be expected to 

depress feed intake, Olbrich et al (1972) observed in 

Holsteins and Zebus. when exposed to ambient temperatures 

of 31 C (50% relative humidity) for 2 weeks that the wefeot 

VFA concentrations significantly decreased, but that the 

microbial activity was similar in both temperature treat— 

ments (10 and 31 C). ‘Therefore there is a strong sugges-— 
tion that variations in reticulo-~rumen MOUCTLEty _oneab— 

Sorption rather than microbial activity may be the major 

ZacClors#contuiputingatoba Change in digestibility of feed 

or rumen VFA levels in ruminants exposed to Changes in 

environmental temperature, 

7. The Effect of Temperature on Thyroid Activity and the 
Effect of Thyroid Activity on Digestibility and the 
Rate of Passage of Digesta in the Digestive Tract 
of Cattle and Sheep. 

Yousef and Johnson (1966) demonstrated that in jec- 
tions of L-thyroxine increased metabolic rate, pulse rate 
and lactation in Holstein cows subjected to environmental 
temperatures Of VS or 32"C,"*Inwa. later publication, 
Yousef et al (1967) found thyroxine rae disappearance and 
eae consumption rate to decrease in cows exposed to 38 
C; whereas in cows exposed to a temperature of 1 C, thy- 
roxine pe disappearance and oxygen consumption rates 


increased, 
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When the rumen was heated with intra-ruminal heating 
Coil Spe OUseieetea lee(o6s)mtoundithyroxine ‘nee disappea- 
rance and oxygen consumption rates to be depressed compared 
to control cows. They suggested two mechanisms to account 
for these responses, 1. The "central warmth receptors” 
were stimulated via the rumen nerve endings and thus 
depressed the thyroid releasing factor in the hypothalmus, 
and 2. by altering the issue requirement for thyroxine, 

It is possible, as suggested by Webster (1974) and Lutherer 
(1969), that thyroid hormones only "potentiate" the effects 
of catecholamines which are the major mediators to the 
metabolic response to cold exposure. Webster (1974) 
concluded with the following statement: 


"Normal thyroid status is essential to 
ensure the proper actions of catecho- 
lamines in mediating response to acute 
oer chronic cold exposure, but the evi- 
dence in support of the popular assump- 
CLOnmeiccm i NCbEeacsecde tiyroleaclivutylis 
aneincegralepante, Ob the normale process 
of adaptation to cold is weak, and the 
evidence to the contrary is getting 


SLLOnger.,. 
Gale (1973) collating the work of several investigators 
penieces that the thyroid hormones appear to act 
synergistically with the sympathicoadrenomedullary (SAM) 
catecholamines on the adrenergic receptor sites in 
various tissues, Citing the work of Andersson, who studied 


the effects of environmental temperature on the thyroid 
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and SAM systems in thyroidectomized goats, Gale reported 
that catecholamine secretion increased, especially 
epinephrine, when the goat was exposed to a thermo- 
neutral environment. When the goat was exposed to the 
cold (-3C) catecholamine secretion increased markedly. 
However, when Ty was administered to produced a hyper- 
thyroid condition catecholamine secretion was suppressed 
below presurgical levels. Gale (1973) reported similar 
results in other animals and suggested that the thyroid 
hormones and catecholamines may interact not only syner- 
gistically, but on a common receptor site as well. 

When sheep were made hyperthyroid. by feeding iodinated 
casein, Blaxter (1948) found DM and crude protein digesti- 
bilities to decrease, He attributed these effects to an 
increased peristalsis of the gut. Levin (1969) in re- 
viewing the effect of thyroid hormones on intestinal 
motility reported that gastric emptying was prolonged in 
hypothyroid animals and wae augmented when thyroid hor- 
mones were administered, Miller et al (1974) showed that 
cows with severe iodine -131 thyroid irradiation damage 
had a prolonged retention of the flow marker in the diges- 
tive erat when compared to similar thyroid damaged cows 
fed 8 gm thyroprotein daily, or to cows with intact 
thyroids. Kirton and Barton (1958), investigating the 
weights of the gastrointestinal tracts and their contents 
in thyroxine implanted ewes found a significant reduction 


in weight of the empty gastrointestinal tracts anda 
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Significant reduction in intestinal contents, It appears, 
therefore that the thyroid hormones may be directly in- 
volved in changing the digestive function of sheep and 
Cae. ere etsealsoethe possipility that thyroid 
hormones may influence digestibility in animals exposed to 
different environmental temperatures, 
8. Techniques in Studying Retention Time and the Rate 
of Passage of Digesta Through the Digestive Tract and 
in Studying Reticulo-Rumen Motility. 


Radio-cerium (cel44 


) has been used by several investi- 
gators (Ellis and Huston, 1968; Huston and Ellis, 1968; 
Miller and Byrne, 1970; Miller et al, 1971) as a non- 
absorbable and inert reference substance to study retention 
time and the rate of passage of digesta and digestibility 
in the gastrointestinal tract of ruminants. Cerium-144 
adsorbs to particulate matter and has been found to remain 
in close physical association with indigestible residues 
Wit lemtnimcicdiciut ec COugnetneugaserointestinal stractyoL 
ruminants (see review by Kotb and Luckey, 1972). Compared 
with other inert and non-absorbable substances, ae has 
been shown to be equally accurate besides being easy to 
use in seeoatuisesaele digestive studies (Ellis and Huston, 
1968). 

In conjunction with the above determinations the 
frequency of reticular contractions merits further study 


to determine if the physiological behavior of the reticu- 


lo-rumen contributed to the direct change in apparent 
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Gigestibility of DM with environmental temperature, It 
has been fairly well established now, that the reticulum 
is the pacemaker for the cyclic movement involved in the 
gotten nan with the omasum contributing some influence 
(Schalk and Amadon, 1928; Balch et al, 1951; Ash & Kay, 
1959; Church, 1969). Iggo and Leek (1969) reported that 
the majority of the reticulo-rumen receptors, located by 
Single unit studies, were found in the region of the 
reticular wall next to the lips of the reticular groove, 
and the reticulo-groove itself. The primary wave of 
contraction appears to be initiated in this region and 
spreads throughout the reticulum and rumen (Weiss, 1953; 
Church, 1969). These observations demonstrate that the 


reticulum is a good indicator of rumen motility. 
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EXPERIMENTS CONDUCTED AT THE 


UNIVERSITY OF ALBERTA 


Two experiments were conducted to investigate the 
effects of environmental temperature on the digestibility 
of a processed and a nonprocessed hay ration, and the 
effects of temperature on reticulum motility and passage 
of digesta through the gastrointestinal tract in sheep. 
Experimental Procedures and Materials 
1. Experiment I 
a. Experimental plan and animal management 

Twelve yearling Suffolk wethers selected for unifor- 
mity of size were randomly divided into three equal sheep 
units: (sv ), Within each SU two sheep were fed a long 
hay ration (hay) and the remaining two sheep were fed a 
processed pelleted hay ration (pellet). Each sheep unit 
was exposed to each of three different environmental 
temperatures ina mepidonuiged sequence during 3 trial 
periods. Thus each sheep served as its own temperature 
Gon ened, 

They hay us edislor both rations was obtained from one 
crop. One half of this crop was processed into a pelleted 
form and the other half was fed from the bale. The daily 
ration for each sheep was calculated according to the 
following equation which relates the maintenance meta— 
bolizable SRSaE requirement to metabolic body size 


(National Academy of Sciences, -~NRC, 1968) 
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20 
Keal = 112 x body weight (Kg)O° 79 (1) 
The rations were calculated on the basis of animal weight 
at the start of the experiment and were held constant 
thereafter regardless of weight changes, 

Since the hay consisted largely of brome grass 
(Bromus spp.) and some crested Wheat grass the metabolic 
Caloric value was calculated to be about ioekcal/ng 
(National Academy of Sciences, 1968), The Sheep were fed 
daily at 0800 and 1600 h. Sheep that were fed long hay 
had their ration increased by 200 to 400 grams above their 
calculated values to compensate for the amount during 
feeding that was being thrown out of the feed box into 
Specially designed aprons described on page 21 Any feed 
refused or thrown out waS weighed and subtracted from the 
ration given for the day. Pellet and hay samples and sam- 
ples of the refusal were retained for later proximate 
analysis, 

Cobalt-iodized rock salt and water were provided ad 
lib. Fresh water was given once daily. Calcium phosphate 
was provided to NRC requirements and put into the feed 
twice per week. Five. hundred thousand I,U. of vit. A, 
io, O00 SIU wat Vine D3 endsoOROCOMLTUSsor Vit: zt were ad— 
ministered intramuscularly at the beginning of the experi- 
ment. | 

The sheep were kept in fiberglass metabolism crates 


1. Purchased from Western Brand Products Ltd., Edmonton, 
Alberta 
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with floors constructed of one inch expanded metal. Within 
each temperature controlled room two sheep being fed 
pellets were placed side by side and the two sheep fed 

hay were placed side by side. 

It was discovered that the hay-fed sheep lost a 
substantial amount of hay during feeding through the 
crate floors. Therefore, aprons were constructed from 
jute feed-sacks to prevent this loss. One end of the 
feed-sack was attached above the sheep to a 2 x 2 inch, 
moveable, wooden crossbar which could slide along the top 
edges of the two adjacent crates. The other end of the 
feed-sack was attached to the floor of each crate at the 
base of the feed and water buckets. In the center of 
the feed-sack a hole was made so that the head of the 
sheep could pass through and be securely tied. 

| The pellet-fed sheep were also initially fitted with 
the aprons, but those in the warm environment (17.7 C) 
soon developed the habit of consistently chewing and 
devouring the aprons. This habit appeared to be due to 
boredom, Therefore to simulate wearing of aprons but 
avoid the problem of chewing burlap, the pellet-—fed sheep 
were tied with leather collars and chains fastened to the 
sliding crossbar above them. 

Two temperature controlled chambers (rooms) were 


+ + 


maintained at 0.8-— 1.3 and 10.0 -— 1.3, respectively, at 


the Environmental Laboratory and a third temperature 


controlled room was maintained at 17.7 z 5.1c. These 
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were designated as the cold, intermediate and warm 
temperature treatments respectively. The average wet 
bulb temperatures for the rooms maintained at 0.8, 
LON Omancs lmwaCawere, OA4hul495e 7a 7oteleveandn9. 91222.5 c, 
respectively. EScrmeneen unit was put into one of these 
rooms, aS described above, for 372 4A day (trial period). 
after this trial period the sheep were moved (as a unit) 
to another room so that all units were exposed once to 
every temperature treatment during the experiment. Within 
the trial period, a 27-31 day acclimation period always 
preceded a 10 day digestibility trial in which both feces 
and urine were collected, Incandescent lighting illumi- 
nated the rooms 24 h per day. Body weights were recorded 
the day before and the day after each digestibility trial. 
Two additional sheep body weights were taken between 
digestibility trials. The sheep were usually weighed 
1 to 4h after feeding (see table 2). 

All sheep were closely shorn (between 4 and 6 mm 
in depth) 7 to 8 ad before and one day after each digesti- 
bility trial to maintain a relatively constant fleece 
depth throughout the three periods, The fleece was weighed 
after each sheep was shorn. 
b. Digestibility trials 

(i) Fecal collections 
Metal trays lined with nylon window-screening were 


slid beneath the crate floors for collection of the feces, 
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while the urine was allowed to flow through and into a 
urine bucket beneath the crate itself. During the 
digestibility trials, the daily total fecal outputs were 
collected once every 24 hours at about the same time 
every day (1700 h). The fecal net weights from each 
Sheep were obtained using a top loading pavers to the 
nearest one-tenth of a gram. A representative fecal 
Sample (5%) was Patained for later analysis. A weighed 
portion of this representative sample (ca 100-150 g) was 
alLedricdsto conn ane weight in aluminum pans at 65 C in 
a forced air oven for 3 days. The remainder of the wet 
samples were stored at -10 C. Feed samples were collected 
from each digestibility trial and were dried in the same 
IManner aS the fecal samples. 

After air-drying, all fecal samples were finely 
ground in a Christy-—Norris grinder? before any proximate 


analyses were done, 


\ A 


Triplicate gross BAceee (E) determinations using a 
bomb calorimeter” were performed on the fecal, feed and 
feed refusal samples, 

Nitrogen (N) determinations were obtained from each 
feed and fecal sample using the macro-Kjeldahl method 
(Association of Official Agricultural Chemists - AOAC, 
1975). 


” 


1. Model No. 8, Chelmsford, England 
2. Model No. 101A made by Parr Instrument Corp., Moline, Ill. 
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Ether extract determinations were made using the 
methods described by the AOAC (1975). However, no diges- 
tibility coefficient calculations were done since the per- 
cent ether extract was less than 3% by weight in both the 
feed and the feces and since an error of 30 to 40 percent 
was associated with the estimation of this minor constit- 
uent. Considering these preliminary observations it was 
decided that they would not contribute to an increased 
understanding of digestive function within this study. 

Standard acid detergent fiber (ADF) determinations were 
done in duplicate by the Alberta Agriculture Soil and Feed 
Testing Laboratory, Edmonton, according to the procedure 
of Van Soest (1963); 

(ii) Calculation of apparent digestibility coefficients 

Apparent dry matter (DM) digestibility coefficients 
were Calculated using the formulas: 

% Apparent DM digestibility = 


100 x feed DM(gm) - fecal DM(gm) (2) 
feed DM(gm) 


Apparent digestibility coefficients for E, N and ADF 
were calculated by substituting the appropriate intake and 
excretion values in equation 2, 

(GisGOy) aepesiare collections 

Daily rape urine waS collected and weighed to the 
closest gram during each digestibility trial. In the first 


and second digestibility trials 25 ml of 25% H,SO and 
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foeGnem Ero t gest bi litvetrial SO ml of 25% H5SO, 


were added to the urine buckets at the start of each 
Gaily collection interval to prevent N loss, The daily 
total urine was corrected for by subtracting the H5SO, 
volumes. Five percent aliquots were retained and accumu- 
lated in plastic bottles for each sheep and stored at -10 
OmpeALwarvacer date, the urine was equilibrated to room 
temperature (23 C) and filtered through 4 layers of cheese- 
cloth to remove fecal and feed debris. The specific 
gravity was determined by weighing urine volumes in 5 ml 
volumetric flasks. Water output could then be calculated 
as well. Urine N determinations were obtained by pipet- 
ting 5 ml of urine into Kjeldahl flasks using the macro- 
Kjeldahl method (AOAC, 1975). 

(iv) Urine, water and related calculations 

Water intake was determined within each digestibility 
trial by weighing the water consumed for each sheep. 
In order to describe the pattern of water consumption 
simultaneous water intake and water temperature deter- 
minations were obtained every hour for two consecutive 
Gays from two sheep within each unit (one sheep from each 
ration), during the third digestibility trial. A glass 
tube inserted near the base of the bucket and calibrated 
in liters allowed reading of the water level without dis- 
turbing the animal. | 

Daily total water excreted in urine and feces per 


kg body weight (BW), % DM in the feces, % DM content of 


the whole diet (Balch, 1950) and apparent water retention 
calculations were made, Percent DM content of the whole 


diet was calculated according to Balch (1950) as follows: 


Percent DM content = | (3) 


total DM intake (g ) x 100 
total DM intake(g ) + total water intake(g ) 


and % apparent water retention by the following formula: 
% apparent water retention = (4) 


100 x total. water in feed + water intake - 
water in feces and urine 


total water in feed + water intake 


Percent N retention was calculated using the following 
formula: | 
% N retention = 5) 


100 x N in feed(g) — N-in Feces(g)-N in urine 


N in feed(g) 





(v) Blood collection and analysis 

Blood samples were obtained from each sheep within 
each digestibility trial just before and in the first 
digestibility trial during the morning meal (0830 h), 
using heparinized vacuum tubes. Hematocrit determinations © 
were obtained, The remaining blood was centrifuged at 
3000 rpm for 15 min and the plasma removed and stored at 
-5 Cc. Later, the plasma was equilibrated to room tempera-— 


ture and protein-bound-iodine (PBI) determinations were 
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aa | 
done using the Hycel Cuvette PBI techniques = The samples 
were refrozen and thawed at a still later date for the 
determination of total plasma thyroxine (T,) and total 


plasma triiodothyronine (T3). A Tetralute Teas Reagent 


kit? was used for determining plasma Ty concentrations 
following the method described by Braverman et al (1971). 
The procedure was modified by using 22 ml of buffer instead 
of the suggested 15 ml to obtain a more suitable standard 
curve. A RIA-MAT circulating T3 qe kit : was uSed for 
determining plasma T3 concentrations; a procedure based on 
the methods of Larson (1972), Leiblick and Utiger (1972), 
andmourKseetedian(Lo/2) a athe Le and T,-radioactivity was 
counted by a scintillation detector (model no. DS 202(v))* 
fitted with a 2 inch well-type thallium activated sodium 
iodide crystal. (model No. xT2w0)? and monitored by a 
TEs enone 5h ceed jucted witheborn windows 
xanwpietens open and set at a voltage of 875 volts. The 
Samples were all analysed at room temperature (23 C). 


(vi) Body and rectal temperature determinations 


Rectal temperatures were recorded from each Sheep in 


De Hycel inc., Houston vitexas 
2. Purchased from Ames Company, Division Miles Labora- 
tories, Inc., Elkhart, Indiana 46514, : 
3, Purchased from Mallinckrodt Chemical Works, St. Louis, 
Mo, 63147. 
4,5 & 6. Purchased from Nuclear-Chicago Corp., 333 East 
Howard Ave. 
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the second digestibility trial using a telethermometer 
(model no. aetc)?, The probe was inserted into the 
rectum and held there for 3 min and the temperature read, 
During the third digestibility trial, temperatures were 
recorded from selected areas on the left side of the 
sheep body surface (see figure 1) including the legs and 
left ear, and from the rectum, using a strip Chart 
Recorder, a Speed-O-Max (W) 24-point Actuator and type-T 
copper~constantan thermocouples, Recordings were. 
obtained from one pellet-fed sheep and one hay-fed 
Sheep within each unit for a 3 h time period, beginning 
at 1100 h. The thermocouples were attached to the 
closely shaved areas using adhesive tape reinforced with 
paper contact cement, and one thermocouple was inserted 
Ze creantowune, rectum, 
Ge etatistical analysis 
An analysis of variance.was performed to test the 

statistical significance of each set of determinants by 
using auspecial typesoLep x px q factorial analysis. 
The model used for this. experimental plan was after Winer 
(1971) and is as follows: 

B(X; jxmno? =u +t Ry + CE + (R x De. “ Shes tal + 
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1, Purchased from Yellow Springs Instrument, 
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where R = ration 


S = sheep 

P = period 

T = temperature 
U = sheep units 


Test for comparisons among treatment means were deter-— 
mined using Duncan’s New Multiple Range Test according to 
Steel and Torie (1960). The multiple correlation of 
environmental temperature and apparent digestibility of 
DM with ration was also calculated, 


Fide Experiment II 


In this experiment, tracer trials using radiocerium 
144 


/ 


144 (Ce ) to determine rate of passage and retention 
time of particulate matter in the digestive tract were 
performed on sheep during exposure to warm and cold temper- 
atures. In addition, motility of the reticulum, methane 
production, oxygen consumption and DM digestibi- 
lity measurements were made during exposure to the two 
temperature treatments, 

a. Animal Management 

Two mature ovariectomized ewes and four mature wethers 
were used, All the sheep had rumen fistulae, and, all 
but two sheep had an exteriorized carotid artery. As to 
breed, initial weights and other animal differences 


refer to-.table 1. All sheep were closely shorn 8-9 days 


before and one day after the two ll-d experimental periods, 
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Several measurements were made as described below. The 
first and second experimental periods followed a 44- and 


a 32-d acclimation period respectively. 


TABLE 1. Physical characteristics of the sheep used in 


experiment II. 


Sheep Sheep Carotid Other 

no, unit Sex Breed loop Observations 

2523 2 W Southdown * 

8236 2 W Suffolk 

9236 al W Lincoln = stiffness in 
legs & joints 

E229 1 W Cross 

0513 2 Oo Southdown * poor condition 
leaking fistula 

27/0 1ee1 lee lL fe) Southdown ~~ 


* denotes presence of carotid loop 
W -— wethers 


O —- ovariectomized ewes 


The 6 sheep were allotted into units of two wethers 
and one ovariectomized ewe per unit. The sheep were Kept 
in individual metabolism crates in controlled environment 
chambers at he Environmental Laboratory, The One Pacey 
of Alberta, | 

All sheep were fed a pelleted hay ration which was 
processed from the same hay lot as that used in Serer nent 
I. The energy of the ration (Kcal/kg) and the dietary 


energy intakes were estimated at the beginning of the 
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experiment as described for experiment I. Dietary intakes 
were not readjusted for temperature or period effects 
after the experiment was underway. Water, cobalt—iodized 
Salt blocks, calcium-phosphate and vitamins ADE were 
provided as described in experiment I. Feed samples were 
obtained from each experimental period, air-dried and 
ground for later DM analysis, 

Experiment II was of a simple crossover design. Each 
unit was randomly allotted to one of the two temperature 
treatments at the beginning of experiment II. At the end 
of the first experimental period the temperature treat- 
ments were reversed for the two sheep units. For the 
temperature bredenents one room was thermostatically 
controlled at 1.3 a 2.2 C, with a wet bulb temperature of 


-0,05 z 2.3 C, (cold treatment), and a second room was 


thermostatically controlled at 21,2 1,7 C with a wet 


bulb temperature of 13.7 mee A C¥e Grane treatment)% 
b. Experimental measurements and procedures 

(i). Dry matter digestibility was measured as described 
for experiment I. 

(ii). Retention time of particulate matter in the 
digestive tract. 

The retention time of particulate matter in the 

digestive tract was estimated from the time course of 


144,12 


fecal excretion of radiocerium 144 (Ce ) following 


1, Purchased from New England Nuclear Canada Ltd., 
11475 Cole de Liesse Dorval, Liebe (Cat. No. NEZ-016) 
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the injection of a single dose of labelled Cena into 


the rumen, Prior to administration of the Couan into 
the rumen of the sheep, a stock solution was made up to 
about 2uci/50 ml water for period I and 4yuci/50 ml for 
period II. A sufficient quantity was made so that each 
of the six sheep received a 50 ml dose, in addition to 
leaving a 50 ml sample for later analysis. However, at 
the onset of experimental period I, two sheep were 


inadvertantly given 2 oz. (59.1 ml) of Canea solution, 


The Ceaae solution was administered into the rumen via a 
rumen fistula using a plastic 50 ml syringe just before | 
the 1600 h feeding: Plastic containers and plastic 


Syringes were used in handling the ee solutions 


except when the original come was measured out. A glass 
microsyringe was used in this instance, rinsed out several 


times in the Cones diluent, 


Immediately after injecting the ages dose, the 
metal trays for collecting the feces were slid into place, 
Twelve hours later the first collection of feces was made, 
Subsequent fecal collections were made every 3 h for the 
next 37 h at increasingly extended intervals of 6, 8, 12 
and then every 24 h for the remainder'of the 5— and 6— 
day collection periods in the first and second experimental 
periods respectively. 

The poems tiectiene from each sheep were thoroughly 


hand-mixed and weighed (hands protected by plastic gloves), 


A composite sample of ca. 100 g was retained. Weighed 
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Samples were Juipemebaees in aluminum pans in a forced-air 
drying furnace at 65 ¢ for 3 d, reweighed and stored in 
individual plastic bags, Several days later a portion 
of the dried fecal samples were ground in a micro-mill 
grinder inside a 1 x 1 x 1 m plastic covered frame to 
contain the radioactive dust. Beckman Biogamma vials? 
were weighed, filled with the finely ground fecal material 
and then reweighed to the nearest ten thousandths of a 
gram, | 

Duplicate samples obtained from each collection in 
experimental period I were counted for 20 min and dupli- 
cate samples from each collection in experimental period 
II were counted for 10 min by a Beckman Biogamma Counting 
system>, The high voltage control setting was adjusted 
for optimum counting at 540 volts, Both upper and lower 
discrimination settings were adjusted at 1000 and O divi- 
sions respectively (wide-open counting windows). The 
counting time differences were due to higher radio- 
activity of the stock solution administered to the sheep 
in experimental period II compared to experimental period 
I. Duplicate samples of the stock solution within each 
experimental period were counted at the same time that 
the respective fecal samples were being counted. Weighed 
samples of stock solution were also mixed with weighed 


Samples of fresh wet feces and air-dried at 65 C for 3d 


1. Techmar, Model No. Al0O, Can-Lab Supplies. 
2,3. Beckman Instruments, Fullerton, Calif. 
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and counts were made on this preparation according to the 
procedure used for feces samples, 

Background radioactivity was determined and substrac-— 
ted from the sample counts, Radioactivity concentrations 
(counts per min/g of feces) were calculated and multiplied 
by the fecal DM excreted during each interval to give total 
counts per min (cpm) per fecal collection, The total . 
cpm for each fecal collection was expressed as a percent 
Of the total cpmsof aes excreted during the 5- and 6-day 
collection periods, of experimental periods I & II respec— 
tively. Cummulative percents were plotted against time, 
Total cpm per fecal collection were also expressed as a 
percent of the total cpm of qe administered in the 
rumen, 

Regression equations were determined expressing 
cumulative % of eee excreted ewitth ttime after ladministra— 
tion, 


Mean retention time (9) was calculated (see sample 


Calculation in Appendix figure 2) using the formula: 


i (6) 


where ty is the time elapsed between dosing and 


th 


the mid-point of the i~° time interval and M, is the 


i 
fraction of the total amount of marker excreted in the ioe 
time interval (Faichney, 1975). 

c. Reticulum Motility 


Reticular contraction frequency was obtained 





immediately after the Ceaceretrial by using a fluid-filled 
balloon and a pressure transducer recording system. On 
the end of about 3 m of tygon tubing (1I.D, 1/8") a balloon 
was attached. The balloon was simply a finger froma 
rubber surgical glove, Within the tygon tubing, at the 
Same end as the balloon, about 1 m of 10-gauge copper 
wire was inserted to give this end rigidity for the place- 
ment of the balloon inside the reticulum through a hole 

in the pressure stopper of the rumen cannula. The tygon 
tubing and its attached balloon were filled with 98% 
ethanol (to prevent freezing of the fluid in the line) 

and connected to a strain guage pressure transducer, 
(model no 267 ocean Three way stop-cocks were inserted 
into this system for bleeding out any air bubbles, Pres-— 
Sure changes in the reticulum transduced by this system 
were amplified by a carrier preamplifier (model no, 3971)? 
and recorded by a Sanborn Physiological Recorder (model 
noe VANE Proper adjustment of the balloon into the 
reticulum was determined when the recording traced a 
biphasicecontraction (Church, 1969 and Ali and Singleton, 
1974), Two 8- to 12-h continuous recordings were made 
from each sheep beginning at 1000 h daily. The two con- 
tinuous motility recordings from each sheep were Separated 


by a period of 3 days. Reticular contractions were counted 


1. Purchased from Hewlett-Packard Company, Sanborn Division 
2,3. Manufactured by Hewlett-Packard, Palito Alto, Calif, 



























aif t?-Bialt « ote qe dees 2onsed ed! gee, ied ; 
rm) G2 sye er lirooes sepeaR reat Sau Sap4. 5? Dik abel 7 w _ 7 
enolléed 5 (COML 2) sete py he: ae Sel 20 ae 
SB werl taptt? 4 ylgeks chy cor his arr «58 
ot? js ,gnicss gopy? ed2 gidtiw -,sy0Ore reseed 
aeolian ond: 56 te ae 


pola ett xot yerDaels tts eicld ovtr of Bus yobs 2 8¥-as2e | 


it 





I4g0d009 epuap-OL To. m t dines 
tod & govoik mej Sarak Fes nis aentent aoot fed ard to them 
ion? ant Sivnvisn rewiti ett yo teqe6ra SIV SROT oat al 

AEE As iw Dalila % 14 » noolia hatigeawe wns Cae nas 
i j ot at Ogyt4 Te, Oo giticss 3 toavesg of) innate 7 
qsoubeneis” ete So31G S269 D 146078'4 ot ve DO2ENIeD bag 

Phas - 70s (NASW 2A902 ‘atae VsW 46 7777 hae, tas aq labom) “3 - 

i: ide cre Le Jc6 S06 shee ie to ngJeya wind gins eo 
nedave elie asi fedifaa' $ MLO DS are ett » 4 era > 2108 Pas 


~~ 7 


[eq@m) «SbidosA : Les ipalax,ayng a rou ARS & Yc be bipop ? Teta - 
sia val ogalind oft 20 a eGaemi is sogota Fpsens +08 a 
a Door throoes, add -eide bendnnetal eew oioagsen % 
Mose Ppt: eve ti4 Sos eget ered) nelsaersa6e cisedgne 
SPO Stay. apceo2o95% Bimerdhs cet ‘q-2) 22 #3, ovf Ae 
-~ a ee jGhise at 060L iste potiuahves qhede: nae 4 


; 7 . ’ a ee 
eee re Sees ae an rears 


press pa i LA 










Ges As Y 





Ph i 
=) fi A 
¥ ¥ ; 


ff 


for each hour for each sheep. 
d., Oxygen consumption and methane production 

Rates of oxygen consumption and methane production 
during a six-hour period were determined using a venti- 
lated hood and an open-circuit respiration apparatus 
described by Young et al (1975). ‘Two Sheep, one from each 
unit were alternately monitored for 30 min during each 
hour from 1000 to 1600 h. While one sheep was being 
monitored by the open-circuit respiration apparatus, the 
hood of the other sheep was ventilated by a "Surge" 
vacuum pump system. The oxygen consumption of each sheep 
waS monitored for 5 min each hour, while methane was 
monitored for 20-25 min per hour. The rates of oxygen 
consumption and methane production were calculated for 
eachwhnall hour monitored, 

e. Sequence of measurement events for erpe cen CaTL 

The a tracer trial and the subsequent collection 
of feces were the first procedures completed following the 
temperature acclimation period, After completing the 
gene tracer trial, cTeticulearsmotility wasemond.oLed Gian 
two sheep, one from each temperature treatment. Recor-— 
dings of reticular motility were obtained from each sheep 
for 2 days. At the same time, oxygen consumption and 
methane production measurements were obtained from two 
other sheep, again, one from each temperature treatment, 
but monitored for only one day. 


£f. Other experimental determinations 
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Water consumption and water temperatures were 
determined according to the procedure described for 
experiment I, Blood samples were obtained from the jugu- 
lar vein 3 h after the morning feed in nonheparinized 
vacuum tubes, The blood was allowed to sit for 2 h and 
theseserumewas obtained @arter=centrituging for 15 min at 
S00Cerpimandy stored =ats—-5°C, “Thyroxine, and T3, were 
determined as described for experiment I. 

g. Statistical tests 

An analysis of variance was performed to test for 

treatment differences, Tests for comparisons among treat- 


ment means were determined using Duncan's New Multiple 


Range Test according to Steel and Torie (1960). 
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RESULTS - Experiment I 
1. Animal Management Observations 

Toward the end of April and the beginning of May 
(at the completion of the second experimental period) all 
Sheep were showing symptoms of botfly (Oestris ovis L,) 
infestation. Some of these symptoms were vigorous shaking 
of the head and occasionally the body, pawing the floor of 
the metabolism crate and grating the teeth. By blowing 
the nose, mucous and the occaSional botfly larva were dis- 
Charged, The larvae were identified by the pepartment of 
econ cars University of Alberta. Severe symptoms re 
observed to occur in mid-May (during the third experi- 
mental period), and showed less severity in mid-June, 
During the critical period several botfly larva were re- 
covered, 

One sheep (I.D. #9496) developed an abscess on the 
neck just behind the lower jaw. It was drained 10 days 
before the second digestibility trial (April 22, 1974), 

A second sheep (1I.D. #9491) showed a slight, loose 
Swelling below the lower jaw, which disappeared during 

the third digestibility trial (June 16, 1974). No changes 
in feed intake or feeding behavior occurred in any of the 
Sheep. 

The frequency of the sheep lying down within each 
temperature treatment was not recorded, but some general 


observations were made. The sheep exposed to the cold 
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treatment were noticed to lay down very infrequently. The 
sheep that were exposed to the intermediate treatment lay 
down more frequently. The sheep appeared very comfortable 
in the warm treatment and consequently were observed to be 
lying down much of ene time. It was also noted that when 
the sheep were moved from the cold treatment to warm treat-— 
ment they eeeenrea to lie down for longer periods of time 
during the first week than during succeeding weeks, 

2. Body Weight Changes 

. The mean body weights of the sheep are shown in table 
2 and figures 2a, 2b, and 2c (see also the appendix table 
5). The average BW of the sheep tended to decrease 

during exposure to 0.8 C and increased during exposure to 
ie eC eee DUG ING che intermediate temperature treatment 

the hay-fed sheep tended to gain weight while the pellet- 
fed sheep tended to lose weight. In Figures 2a, 2b, and 
De the weights of the 2 sheep within a ration within a 
Sheep unit (a Sheep unit consisted of two pellet-—fed and 
two hay-fed sheep which moved together as a unit across 
periods “intl temperature treatments) were averaged and 
compared with each other. The hay-fed sheep consis-— 
tently had lower body weights than the pellet-fed sheep, 
throughout the entire experiment, One hay-~fed sheep 
within sheep unit 3 (figure 2c) followed very closely the 


weights of the two pellet-fed sheep, but the other hay-fed 
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FIGURE 2a. The effect of temperature and ration on body 


weight for sheep within sheep unit 1. 
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FIGURE 2b. The effect of temperature and ration on body 


Weight for sheep within sheep unit 2. 
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The effect of temperature and ration on body 
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sheep was about 4 kg less than the average weight of the 
3 other sheep within the same sheep unit (see appendix 
table 5). Otherwise the average BWs of the sheep within 
each ration and sheep unit were very Similar, 

3. Feed and Water Intakes — 

Temperature had no effect upon DM, N, and ADF intakes 
in sheep (table 2). However, between rations there was a 
Significant (P¢0.01) difference in N intake at both the 
0.8 and 10.0 C temperature treatment (table 2). The 
analysis of variance (ANOVA), (appendix table 8) also 
indicated that there was a Significant (P< 0.0005) effect 
on N intake, 

Dry matter intake did not vary Significantly between 
rations within any of the temperature treatments or 
between temperature treatments for either ration (table 2). 
As shown in table 3, the pellet-fed sheep received a 
relatively constant DM intake across experimental periods, 
although the hay-fed sheep progressively increased their 
DM intake from period 1 through 3. The slightly larger DM 


intake per aw?/4 


at 0.8 C compared to the other tempera- 
tures was attributed in part to slightly greater consump- 
tion of DM during the cold temperature treatment, but was 
also due to a loss in body weight in the cold, 

There were no Significant effects of temperature or 
ration on ADF intakes, | 


Water intakes tended to increase with increasing 


temperature (P40,05) and were higher in the pellet-fed sheep 
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TABLE 3. Mean daily DM intake ; 


Period *Ration Average DM intake(gm) **S,D, 
+ 





- + 
H eG). = TONS 
Pp m1 9659 Be EY o| 
2 
H 1194.0 “fae 31 
Pp AEG See) 
3 
H WG), © 7122.9 
*P = pellet-—fed sheep H = hay-fed sheep 


** Standard Deviation 


chanel cne hay-fed sheep at the intermediate 

temperature (P<0.05). When the DM intake was cal- 
culated as a percent of the total water (water in feed 
plus water ad lib) intake plus DM intake (DM percentage 
intake) the pellet-fed sheep had a relatively greater 
total DM percentage of the diet (P< 0.01) when exposed 

to the cold treatment than when exposed to the warm treat-— 
ment. The hay—-fed sheep in the cold and intermediate 
treatments had greater DM percentage intakes (B¢0.01) than 
the same sheep exposed to the warm treatment. There were 
NnGOwsignicicantydiftrerences between the hay—sand peilet— 
fed sheep within either the cold or the warm treatments, 
although the hay-fed sheep tended to have a greater DM 
percentage eneice than the pellet-fed sheep within these 


temperature treatments, Within the intermediate treat- 


ment the hay-fed sheep had a significantly greater DM 
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percentage intake of the diet than the pellet-fed sheep. 
Variation between sheep within rations and within sheep 
between periods was Significant aS Shown in appendix 
table 8, The data indicates that the sheep exposed to 
cold treatments drank relatively less water than the 
same sheep exposed to warm treatments, and that pellet—fed 
Sheep tended to drink more water across temperature treat- 
ments than the hay-fed sheep. It appears then, that 
water intake was directly related to temperature and that 
processing of feed appeared to increase water consump- 
tion per unit of dry matter consumed, 

Summarized in table 4 are the average water tempera- 


tures and volumes of water consumed by 6 individual sheep 


TABLE 4, Drinking water temperatures and times of day 
water was consumed by the sheep within each 
temperature and ration treatment, 

Temp (C) 0.8 10.0 Sih 
Ration ‘2 H P H ec H 


Time (h) Sheep # 9496 9489 9494 9488 9498 9499 


900-1100 vol(m1l) 900 1250 3050 1050 1450 #600 
*temp (C) ll QnA, gili5 A 5s, IG 32 14 14 

1030-2130 vol (m1) 750 O 0 100 0 900 
*temp(C) 3 3.5 Ml hes 19 19 

2130-**800 yvol(ml) 0 150 0 0 0 450 
«temp (C) La 11 iy 19 19 


* temp(C) = water temperature; ** 800 h the next day 
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at different times of day. Most of the water was consumed 

two to three hours after the morning meal; when consumed it 

waS approximately the same temperature across all tempera- 

ture and ration treatments. (A more complete record for 

each individual sheep is seen in appendix table 16). 

4. The Effect of Temperature and Ration on Apparent 
Digestibility of Feed. 

There was a direct relationship between digestibility 
of feed by sheep and environmental temperature. The 
effects of temperature and ration on the apparent digesti- 
bilities of DM, energy (E), nitrogen (N) and acid deter- 
Gent fiber S(ADE)) are.outlined initable 5; 

a. Dry matter digestibility 

Pellet-fed sheep exposed to cold treatments had a mean 
apparent DM digestibility coefficient (digestibility) of 
53.2% which was significantly lower (P<0.05) than the diges- 
tibility value of 56.7% during exposure to the warm treat- 
ment. A Similar reduction in DM digestibility occurred in 
hay-fed Spoae exposed to the cold treatments as compared to 
the same sheep exposed to the warm treatments, Dry matter 
digestibility was significantly (P<0.0001) greater across 
all temperature treatments for the hay-fed sheep than 
for the pellet-fed sheep. Sheep within each ration 
when exposed to the intermediate treatments had DM digesti- 
bilities intermediate to but not significantly different 


(P< 0.05) from the other two temperature treatments, There 
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waS a positive relationship (r*=0,407) between DM diges- 
em and temperature in the pellet-—fed sheep (figure 
3a). In the hay-fed sheep only 15% of the variation in 
DM digestibility could be explained by the temperature 
treatments (r7=0.15). When the DM digestibility of 
pellet-fed sheep was regressed on environmental tempera- 
ture the following equation was deriveds . 

DM digestibility = 53.16 + 0.213 temperature (T) 
which means that DM digestibility was significantly 
(P<0.005) depressed by 0.21% for every degree (C) drop 
in temperature (see table 5). By regressing DM digesti- 
bility on environmental temperature for the hay-fed sheep, 
DM digestibility was depressed 0.19% for every degree (C) 
drop in temperature but was not significant (P>0.05) 
(see table 6), | 
b, Gross energy (E) digestibility 

The digestibility of E closely paralleled the linear 
Culnve ob the DM digestibivity for the pellet—fed sheep. 
Shown in table 5 and Figure 3a the mean E digestibility 


of the pellet-fed sheep exposed to the cold treatment was 


Significantly lower (P<0.05) than the mean E digestibility 


of the same sheep exposed to the warm treatment. This 
was not the case for the hay—-fed sheep. No significant 
changes (P>0.05 -— ANOVA) were observed between the E 
digestibility means across temperature treatments for the. 


hay-fed sheep, even though E digestibility tended to be 
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The effect of temperature and ration on the apparent 
digestibility of dry matter (DM), energy(E), nitrogen 
(N), and acid detergent fiber (ADF) in sheep. 
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depressed in the oid treatments when compared to the 

E digestibility of the same sheep within the intermediate 
and warm treatments. A large variation between individual 
E digestibility values and the low mean E digestibility 

of sheep in the warm treatment appeared to contribute 

to the non-linearity of the digestibility-—temperature 
curve for the hay-fed sheep. Shown in figures 3b, 3c and 
3d, the digestibility values for each of the proximate | 
nutrients (appendix table 6) were averaged for the 2 sheep 
within each ration within each sheep unit (SU) and graphi- 
cally related to environmental temperature for comparison 
purposes. Shown in figure 3b, E digestibility of the 2 
hay-fed sheep within SU 1 were shown to be greatly depressed 
in the warm treatment and contributed to the low mean 
value shown in table 5,. (DM digestibility was also 
slightly depressed in the sheep exposed to the warm treat- 
ment when compared to the same sheep in the previous cold 
treatment.) eine cigure sd, @ digestibility in) hay—fed 
sheep within sU 3 waS augmented 1.8% when the sheep were 
moved from a warm treatment to an intermediate treatment. 
When the same sheep were moved from the intermediate treat-— 
ment to the cold treatment E digestibility was reduced 
only slightly (0.42%). (DM digestibility increased to 
nearly the same level when the sheep were exposed in the 
warm treatment). 


The digestibility of DM and E in SU 2, shown in figure 
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FIGURE 3b. The effect of temperature and ration on the apparent 
digestibility of dry matter (Dfi), energy(E), nitrogen 
(N), and acid detergent fiber (ADF) in Sheep within 
Sheep unit no. 1. . 


ReEUEES ——— 


HAYA 
75 


70 isn ——— 


% DIGESTIBILITY 





10 30 50 70 90 110 130 
DAYS AFTER BEGINNING OF EXPERIMENT 







. — wary iy 
‘i é ‘F- : ‘ fee Pe ‘i! te ee eX, eee H Bs fos — Sl), _ 
a 
~ L os ‘ ‘~ rh ZL P 
* " F bee ee wi ¥ cnh ioe 
P ae poe is 
7 ; he 7 ve hl 1 yi? ¢ CHT i * 

f . > 
we - 2) a ¥ 

i } 
4 

s 
14 
- ‘ : 
» 
ie 
Be 
“7 - 
rbd im 
- 7: “" ’ . < 
. a ¢ 
- 7 ad = 
f 4 
aal ; o Z. 
‘i ’ ) 7 q 7 , 











—_ 


hy 


” 
: en 







er ennteitetad 


FIGURE 3c. 
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The effect of temperature and ration on the apparent 
digestibility of dry matter (Di), energy(E), nitrogen 
(HN), and acid detergent fiber(ADF)in sheep within 
sheep unit no.2. . 
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FIGURE 3d. 
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The effect of temperature and ration on the apparent 
digestibility of dry matter (DM), energy(E), nitrogen 
(N), and acid detergent fiber(ADF)in sheep within 
Sheep unit no.3. 
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3c, closely paralleled each other for both rations, the 
hay-fed sheep Showing a smaller variation between the 
intermediate and warm treatments than the pellet-—fed sheep. 
The DM and E digestibilities also showed a greater depres- 
Sion in the hay-fed sheep than in the pellet-—fed sheep. 
Therefore, the order in which the sheep entered the 
various temperature treatments (and to some degree, the 
ration) appeared to modify the effect of temperatures on 
digestibility of nutrients, This factor was recognized 
when an ANOVA was done (appendix table 9). Within sheep 
between periods accounted for a significant amount 
(P<0,005) of variation to DM and E digestibility. Sheep 
UN LESeOiGenoOceacCOUn Blom any Signiticant variation, 
Although a Significant amount of variation was contri- 
buted in the period-temperature-ration interaction for E 
digestibility (P<0.025), period effect accounted for most 
of the variation. Therefore it appears that most of the 
variation in DM and E digestibility of sheep was a result 
of period effect, Whether this result was due to the 
swank of the *botfly infestation is still unclear, 
although this may have accounted for the depression in 
digestibility of feed during period 2. 

Only the pellet-fed sheep had a significant (P<0.025) 
depression in E digestibility per degree (C) drop in envi- 
ronmental temperature (See table 6). The hay-—fed sheep 


showed no significant (P>0O.05) change in E digestibility 
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across temperature treatments, 
c. Nitrogen (N) digestibility and retention 

Temperature had no significant effect on N diges- 
tibility although a slight depression was observed when 
the sheep were cease Be the cold environmental tempera~ 
ture (see table 5 and figure 3). Ration, however, had a 
Significant effect on N digestibility (see appendix table 
9). The changes in N digestibility in sheep within each 
SU appeared to be conflicting at times, Within SU l, 
‘shown in figure 3b, N digestibility of the hay-fed sheep 
exposed to the cold treatment was quite high (73.1%) com- 
pared with ne Sheep in the other SUs. When the same 
sheep were acclimated to the warm treatment following the 
cold treatment N digestibility was reduced, and rose 
Slightly when followed by the intermediate treatment, 
Pellet-fed sheep within the same SU also had a higher N 
digestibility (62.7%) compared to the other two SUs when 
exposed to the cold treatment, but decreased by 6% when 
followed by the warm treatment. When the sheep were 
exposed to the intermediate treatment N digestibility was 
augmented to a level of 63,8% compared with 56.7% in the 
previous warm temperature treatment. 

For sheep unit 3, nitrogen digestibility in the hay-fed 
sheep was Slightly depressed (69.3%) during the cold treat- 
ment compared to the digestibility during the warm treat-— 
ment (70.3%), (figure 3d). In the pellet-fed sheep N diges- 


tibility decreased slightly when moved from the warm to 
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the intermediate treatment but increased by nearly 6% 
when followed by a cold treatment exposure -- a very 
Similar behavior to that seen in SU 1, of figure 3b, In 
Sheep unit 2 (figure 3c) the effects of temperature on N 
digestibility in both nevered and pellet-fed sheep was 
opposite to that seen in sheep unit 1 (figure 3b). ‘The 
trends in sheep unit 3 (figure 3d) were intermediate be-— 
tween those of sheep units 1 and 2, As shown in the ANOVA 
(appendix table 9) N digestibility showed significant 
variation (P< 0.005) between periods. During period 2 the 
Sheep suffered the greatest depression in N digestibility. 
The botfly infestation which appeared to cause the sheep 
the most discomfort Guring this period may have contributed 
to a reduction in N digestibility. 

There tended to be greater losses of N in the urine 
in sheep exposed to the cold treatment compared with sheep 
exposed to the warmer treatments, as shown in table 7, 
This also applied to N losses in the urine and feces com- 
bined. There were significant (appendix table 10) differen- 
ces between periods for both N losses in the urine (P¢<0.005) 
and the loss of N in the urine and feces combined (P<0.01). 
Variations due to temperature and between SUs also had a 
Significant (P< 0.01 and Pg 0.034 respectively - appendix 
table 10) effect on the N losses in urine and feces com- 
bined, 

The mean values for apparent retention of N are shown 


in table 7 and figure 4. Nitrogen retention tended to be 
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depressed by the cold temperature treatment, but the 
regression of N retention on temperature was not sig- 

Dae Canter sO) eeagain. sthere ree a Significant period 
effect. The N retention values for the pellet-fed sheep 
(shown in table 7) were not significantly affected by 
temperature (P> 0.05), but in general the cold sheep 
Lanes (ee retain less N than the warm sheep (sheep exposed 
to the cold and warm treatments, respectively). The hay- 
fed sheep, when exposed to the intermediate treatment, had 
a Significantly higher N retention than during exposure to 


the cold treatment, 


TABLE 7. The effect of temperature and ration on N 
retention in sheep, 


Ration Pp H _#—B H P H 


Room Temperature (C) OFS 0.8 TOP Ome LO. 0 Le7y pee lay ced, 


es 








Average daily N in 


urine(mg N/gm urine) 12.1 T26 11.0 9,5 
Cc 


a 


KCL The WRT, 


Average daily N in 
urine & feces (g- N 
/g- urine & feces oie mec Ow 20s) 16,900 19° 30819, 4 


Apparent N 


Retention (%) 8.4. ZOO tis ye TAs eal 


Cc 


a ize S20 





a,b,c — when subscripts are different within the 
rows the values are Significantly different at 
P < 0.05. (Duncans New Multiple Range Test), 


P 
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pellet-—fed sheep 


hay-fed sheep 
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d. Acid detergent fiber (ADF) digestibility 

The changes in ADF digestibility in response to 
temperature and ration were similar to the changes in 
DM digestibility (figure 3a). ADF digestibility was 
directly related to temperature in sheep fed either 
ration (P<0.02) as shown in figure 3a, Mean ADF 
digestibilities in the cold treatment were, 45,5 and 58.9% 
and in the warm treatment 49.3 and 63.1% for peli aera 
and hay-fed sheep, respectively (see table 5). ‘The ADF 
digestibility values differed significantly between cold 
and warm treatments (P<0.005) and between ration treat-— 
ments (P< 0.00001), 

The changes in ADF digestibility within each sheep 
unit are shown in figures S185 Clem everel Sle, ifpbiefoutap (le) Al 
(figure 3b), the cold treatment depressed ADF digesti- 
DilUCyelo t3.c7 Lorethe pel let—ted Sheep and to 60.9% for 
the hay-fed sheep. In the second period, when the sheep 
were exposed to the ores ene ADF digestibility 
increased by 2.9% for the pellet—fed Sheep and increased 
only 0.1% for the hay-fed sheep. ‘The reason for the small 
change in the hay-fed sheep was that one of the sheep 
(#9488) showed a depressed digestibility of 2.8% while 
its partner showed an increased GIGeStipi i ETcy of 2yo~ 
(see appendix table 6). (The same behavior was true for 
DM and E digestibility). When SU 1 was exposed to the 


final temperature treatment (intermediate treatment) the 
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pellet-fed sheep increased their ADF digestibilities 
(similarily for DM & E digestibilities) even higher, while 
me hay-fed sheep experienced a slight depression or no 
change in ADF digestibility. Sheep within SU 2 (figure 3c) 
showed changes in ADF digestibilities that were directly 
related to temperature treatments. The same was true for 
the pellet—fed sheep IeoUes VlLigure 3d). = buce the hay—ted 
Sheep in SU 3 increaSed their ADF digestibilities when | 
exposed to Chaweora treatments in contrast to the pre- 
ceeding temperature treatments (the same was true for DM 
digestibility in the hay-—fed sheep). 

The reductions in ADF digestibilities per degree Cc 
drop in environmental temperature determined by regression 
analysis were 0.23% and 0.25% for the pellet-—fed and hay- 
fed sheep, respectively (table 6). Both regression 
coefficients were Signieicent Ch <0 705) 5 
5. The Effect of Temperature and Ration on % DM In The 

Feces, 

Environmental temperature had no significant (P> 0.05) 
effect on % DM in the feces, although the sheep exposed to 
the cold tended to excrete dryer feces than the same sheep 


exposed to the warm treatments (table 5). The hay—fed. 
sheep tended to have greater % DM in the feces than the 
pellet-fed sheep, but the difference was not significant 


(P>0.08, appendix table 10), 


63 


= > oo ert 
r Pe He | rial we a) 
4 
i] 
o ’ my (rye Lye 
' 4 « » | an { 
, . 
' _ abe 45% 
’ ’ ’ ; 7 7 
s 2 
a Gy a ’ 





“oie ae af: a 


singel a eene 


oe 





64 


6. The Effects of Temperature and Ration on Water 
Utilization, 

Mean values for water intake have already been pre- 
sented in section 3 of the results (table 2). The 
average daily water excreted in the feces and urine (total 
water excreted) per kg BW is summarized in figure 5 and 
table 8 and the ANOVA is given in appendix table 11. The 
hay-fed sheep in the intermediate treatment excreted signi- 
ficantly less water (P<0.05) than the pellet-fed sheep in 
any ap the temperature treatments; and in the warm treat- 
ment the hay-fed sheep excreted Significantly less water 
(P<0.05) than the same sheep exposed to either the cold, 
or the intermediate treatments (table 8). Not only did the 
hay-fed sheep tend to excrete less water in the urine and 
feces per kg BW, but (as discussed above) they also tended 
to drink less water per kg BW than the pellet-fed sheep 
across temperature treatments (compare table 2), as shown 
inmmeiqure: 5.8) ThereswasS no Significant (P> 0.05) effect 
of temperature on urine excretion in sheep within rations 
(appendix table 11). Water excretion in the urine of sheep 
showed a significant variation between periods (P< 0.005) 
and between rations (P<0,006). 

Figure 6 shows the effect of temperature and ration 
on apparent water retention in sheep, The ANOVA is given 
in appendix table 12, Table 8 contains the comparisons 


among means by Duncan's New Multiple Range Test, Thé hay- 


ae yee ' 
ba | ™s bal | 


‘ ; j ai" 
cael | paee 
wie! ne ek ee erg: omate ae 7 leat 
t - a 
gia need vicoks ‘ated esi ands es aterm ae -_ 
erty. (S aetis) eéfvess as 20.2 . et tpee mt deta — 
fnto+) sab Bos 660s) edt RE Betenoms sadee vitst epaseys: | 
oe ¢ evingatt co» bet bgeepiia Sf we UH tog [ Rete, way 7 
ofdes yt hdegge tl serie |2 Ava ofl bas 8 alta? 
~lipte bitesoxs tren SF a Be pte bbentstel og} ALE qeansta ia2~Yae 7 
nt enote hotetollag ert. Mend fea Ss) carey ace As dae 
seott tet of? Ab bas ‘einemdaext Fi tp reuse wr 26 yee’ t: 
| | mia fearon qaads bel-ynet odd Siem | 
5 ecfs Sud bia « srw qosute Snse, Ss $s ett (20, 0 >) - : _ 7 


iu = a 

























» 


4 
yy 
2 


a 


ff bib vido gow .(8 efdeg) styoutsest edabbenwedt “eds +0 = 


e 7 7 
Ext b> ’ 4 Si h a * > ie Se { [Pe LAS Qs Riss penifal: ‘Bed-gud n — 
ii i r DELS fan y 7" SSeuGe > F- Sy" Ariat Bk pot tec cored 7. ' 


qoent patJshieg get meds, WE et Seg Sesce lien. AaB od 
wore @s...(% Sits’ SYaceng): RDSS A i _zathcrmbiwg: bal sad 
gosits (60.9<4) Jmgnitigple of @ayw sqrt re a ae -_ 
Bnoltes mits ie qoece uth; (ek sttoes seni Aa esac mani to” — 


Geete ‘to entity si) at dolisioke, Sacey, ma: ates sete 


(200.6 ><) aboliog c6avead aed, seta Jigee tt mate caper 


ne ar ae | io 
_ aire ae y ls az pees *, 


fies Aver [*. Se Agee 





FIGURE 5. The effect of temperature and ration on water con-— 
sumption per kgm body weight (BW) and water excre- 
tion per kgm BW in sheep. 
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FIGURE 6. The effect of temperature and ration on 
apparent water retention in sheep. 
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TABLE 8. The effects of Peeeracice and ration on water 
metabolism in sheep. 

Ration P H Ie) H AR eri 

Room Temperature(C) 0.8 0.8 1OeOMeLO. O BND by Thea ch bbe ad 


Apparent water re— 


tention (%) WS, ABIL, EMA Ciel ee rey 


b 


Average daily total 
water excreted (g ) 


per kg BW 44,3, 36.6,, 44.6, 28.6, 47.9, 36.0, 


a,b,e,d — when subscripts are different within 
the rows the values are significant at 
0.01 level (Duncan's New Multiple 
Range Test). | 
i,j,K -— when. subscripts are different within 
the rows the values are Significant at 


0.05 level (Duncan's New Multiple 
Range Test). 


fed sheep retained significantly neve water than the 
-pellet-—fed sheep (P< 0.01) within the warm and cold 
temperature treatments, Although not significant, the 
hay-—fed sheep also tended to retain more water than the 
pellet-fed sheep within the intermediate treatment, 

Sheep within a ration and exposed to the cold treat-— 


“ments retained significantly (P<0.01) less water than the 


Same sheep exposed to the intermediate and warm treatments, 


Significant variations were obtained between sheep within 
SUs and within sheep between periods (see appendix, table 


We hes 


67 


q 
ere 


3 B of 
1 


\ 
- 


wane 
a 


ig 
nf 


a 
ao 


= 
ip 


2-2 


~ 


2 


itt ne 


sengte 


sa? 


* 


7 


= 


et ee a A Cig ts : 


th te 


dads 

Gs 

ul ~ 

» 

— = 

56 ‘ 

@ «a 
7 

ne ] 
ca 

a 

° 


; = - he 
Mi) 4 Pee | >>, & 0 
' . 7 Ls a 
" : 7 a , a “sy 
as ~ Sa jf . : = 
i p< z x 
= | ey | a; 
: - » : 
-} - — 1 
is c a 
— 2 iu 
“a al | 2 
‘ —_* 7 
—_ 2 ~ ; rs] 
= . = 
wf 
= 2 ; i 
— ‘ 7 
| be 4 
. - 
’ 
' = 
~e 








7. The Effect of Temperature and Ration on Plasma 
Thyroxine (Ty) Triiodothyronine (T3), PBI Concent- 
rations and Blood Hematocrit, 

The thyroid hormones T3 and Ty tended to be increased 
when sheep were exposed to the cold treatment, Shown in 
table 9, the mean total thyroxine (Ty) concentration in 
the plasma of the pellet-fed sheep exposed to the cold 
treatment was 12.76 micrograms (mcg)%. The same sheep in 
the warm treatments had significantly lower (P<0.05) mean 
Ty concentrations (8.70 mcg %). When exposed to the inter- 
mediate treatment, the mean Ty concentrations were not sig- 
nificantly different from, but were intermediate to the 
other two mean values. The Ty concentrations in the hay- 
fed sheep were not significantly (P>0.05) affected, by the 
temperature treatments, although the Sheep in the warm 
treatments had depressed T, concentrations as compared 
with the sheep exposed to the cold and intermediate treat- 
ments (see table 9). As shown in table 10, the hay-—fed 
Sheep not only had a smaller change in Ty concentration 
per degree C, but also had a lower r? value than the pel- 
let-fed sheep. Only 19% of the variation in Ty, concent- 
ration was explained by the environmental temperature 
for the hay-fed sheep, while 42% of the variation in 
Ty concentration wasS explained by the environmental 


temperature in the pellet-fed sheep (appendix table 13). 
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TABLE 9. The effect of temperature and ration on plasma 
thyroxine (Ty), triiodothyronine (T3), protein-~ 
bound iodine (PBI) concentrations and blood 
‘yemreteorereire (HCT). 


Ration Pa H P H P H 





Room 
Temperature(C) | 0.8 T0250 eemer LJ e/, 





Mean Values: 


T, (meg %) 12.76, 10.56, 11.85, 10.06, 8.70, 7.30, 
T, (ng %) 241.70, 119.70, 192,00, 161.30;, 123.20; 73.00. 
PBI (mcg %) Me eh) 4.06 2.84 Oey en 2 a9 
HCT (%) SO Omms SS Omms 5070 mes 36 110 a 31/0 > 30 





i,j,k - values within the rows having the same 
Subscripts or none at all are not Signi- 
PVCantlyaecimtercntm P< OF 0 5)mcromecach 
other (Duncan's New Multiple Range Test). 


TABLE 10. Regression analysis of total plasma T, and T, 


concentrations in Sheep with environmental 


Temperature. 
Thyroid 2 
hormone ration b a xr S rf 
i A enc ene AAS. x fete 
. pellets -0,24 PhS) 0.42 a8 90 
ig hay -0.19 Lek One 2800 
T pellets -6.96 em by Tf 0.48 SO7s3 
hay “bo Ge PA ney AR ae 


Totalplasma triiodothyronine (T3) concentrations in 
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sheep across treatments showed changes similar to those 
described for the T, concentrations. The pellet-—fed 
sheep in the cold treatment had significantly higher 
CPF10 0 51) T; Sit than the same sheep in the 
warm treatment, as well as higher T3 concentrations than 
the hay-fed sheep in the cold and warm treatments (table 
9) (see also appendix table 13). Regression analysis 


indicated that 48% of the variation in T. concentrations 


3 
was contributed by pane eeos eS (table 10). As in the 
plasma T, concentration pattern, the hay-fed sheep showed 
no Significant differences between temperature treatments. 
Interestingly, the hay-fed sheep exposed to the inter- 
mediate treatments tended to have higher T3 concentrations 
than the same sheep in the cold treatments, contrary to 
what was observed in the pellet—fed Snes, 

Shown in table 9, temperature had no significant 
effect on serum protein-bound iodine (PBI) concentrations 
in the sheep, although a Significant ration effect was 
noted in the ANOVA (appendix table 13). 

No significant (P>0.05) changes in blood hemato- 
crit (HCT) were seen in sheep between temperature and 
vation treatments (table 10). However, the mean blood 
HCMs tended to decrease with increasing environmental 
temperature within each ration. In addition, the mean 
blood HCT of the pellet—fed Sheep in the cold and inter- 


mediate treatments tended to be higher than the mean 
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blood HCTs in the hay-fed sheep pabiapieo to the same 

Perper sare tt rentments. 

8. The Effect of Environmental Temperature and Ration on 
the Temperature of Various Body Sites, 

Body surface temperatures monitored from one sheep 
within each ration and within each SU during the third 
period are shown Teo uve om ase .eand a7 Chm Them sheer 
within the cold treatment generally had colder body sur- 
faces than the sheep within the intermediate treatment 
which had colder body surfaces than the sheep within the 
warm treatments (see also appendix table 17). 

A series of rectal temperatures were recorded from 
each sheep for 8 consecutive days within the second period 
(See appendix table 14). A summary is shown in table 1l, 


below, 


TABLE 11. The effect of environmental temperature and 
ration on the mean rectal temperature of sheep 


dauUGEng eae e seconde trialmperltod. 





Environmental 
Temperature(C) Oe L020 aE AST 
Rectal temperature 

hay-fed sheep 36.029 39,40 39505 
Pellet-fed sheep 39,0 39205 39230 
Mean S}Shtek6) SS) PX} Soe 
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Differences between means were not significant 
(See appendix table 15), although rectal temperature 
tended to be slightly depressed at the cold environ-— 


mental temperature, 
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FIGURE 7a. 
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The effect of temperature (0.8 C) and ration on 
the temperature of the various body. sites of 
two sheep. 
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The effect of temperature (10.0C) and ration on 


FIGURE 7b. 


the temperature of the various body sites of 


two sheep. 
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The effect of temperature (17.7C) and ration on 
the temperature of the various body sites of 


_ two sheep 


FIGURE 7c. 
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RESULTS -— Experiment II 
1. Animal Management 


144 was administered 


Approximately 5 days before Ce 
in the first experimental period one wether which showed 
arthritic symptoms refused to consume its full ration. 

It was removed from its crate and moved about in the 
Warm) (2d s2mC je: lbabocatonyecor (2 elo 3 hours per day and then 
returned to its crate in the cold treatment. This was 
repeated for 2 consecutive days after which it returned 

to a normal feed intake. 

Shown in table 12, the sheep appeared to consume 
more feed in the cold treatments than in the warm treat-— 


ments. But this trend occurred due to the loss in body 


weight (BW) when the sheep were exposed to the cold treat— 


TABLE 12. The effect of temperature on the mean feed 


intake in sheep. | 


COldmCL eC) warm (2u2G) 








g . DM/kg Bwe/4 g . DM/kg Bwe/4 
su 1 Toe Oe SL Sy Lo akig 
su 2 re ial ieee Bobi, Mite 

g/day g /day 


su l 1450 1469 


SURZ 1255 1238 
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ments and the gain in BW when exposed to the warm treat- 
ments (see appendix table 18), similar to what was obser-= 
ved in experiment I. 

The temperature of the water and the time of the day 
that it was consumed by the sheep in the cold treatment 
were similar to the values observed in experiment I, 


Shown in table 13, the sheep drank most of their daily 


TABLE 13. The effect of temperature on water intake. 


; Period l 
Sheep I.D. # 2701 #% 8229 
Average Average Average Average 
- Time water consumption water consumption 
(x100 h) ' temp (c) (m1) J temp CG) (m1 ) 
2 1 9.3 2300 To82 1575 
Toe 2d. 3,0 450 ae 775 
Period 2 
ip eae) +) O513 
8 - 12 One 1300 Ne.) 3900 
eee L 3.4 850 2. Zen Zee. 


oO eeepc Te en operas an 


water soon after they consumed their morning (830h) ration, 
at an average water temperature of approximately 10 C. 
Following the consumption of the evening (1600 h) ration, 
the sheep drank en iyiabeut one-half the amount they drank 
in the morning. By this time, the water had cooled to 
about 3 C, No water was consumed between Z2.000n and, c0U 
h the following day. 


The sheep exposed to the warm treatments lay down in 
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‘their crates 36 to 78% of the time between 1000 and 2100 
hours each day. The sheep exposed to the cold treatments 
did not lay down at all between 1000 and 2100 hours 
(See appendix table 33), | 
Zee tnesbrcect. of Temperature on Oxygen Consumption, Meth- 
ane Production, DM Digee cs piney, and DM in the Feces, 
The degree of cold stress experienced by the sheep 
in the cold treatment was reflected by a Significantly 
(P<0.05) greater oxygen consumption, (or heat production 
(Hp) ), compared to the same sheep exposed to the warm 
treatments (table 14). However, no significant (P>0,05) 
Change in methane production te observed, 
Environmental temperature had a significant (P<O,05) 


effect on DM digestibility (table 14). There was also a 


TABLE 14, The effect of temperature on oxygen consumption, 


methane production, DM digestibility and DM in 


feces, 

Cold Warm BL 
Exposure Temperature (C) 3 22 
Oxygen Consumption 1/kg/h 0.3579 UE2527 eet OL 05 
Hp (Kcal/kg/day) 41 20; <On05 
Methane Production 1/kg/h 0.02149 0.01986 Nese 
DM Digestibility 56.5 59.9 {0.05 
DM in Feces : 44,1 A] fDi 40.05 


ee ee ee ee ee OS ee ee ee 
P.L. - probability level (Duncan's New Multiple Range Test) 


% DM DIGESTIBILITY 


FIGURE 8. The effect of temperature on dry matter 
(Di) digestibility in sheep. 
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Significant (P<0.025) variation in DM digestibility 
between sheep aS shown in the appendix table 27. The 

DM digestibility was reduced by 0.18% per degree (C) drop 
in temperature (figure 8) a change similar to that ob— 
Served in experiment I, 

The feces excreted by the sheep exposed to the cold 
contained a significantly (Pp <0.05) lower % DM content 
than feces from the sheep exposed to the warm treatments 
(Table 14). By regression analysis, it was found that 
the % DM in the feces was reduced by 0.16% per degree (C) 
drop in temperature, but the regression was not statisti-~ 
cally significant (see appendix table 30). 

3. The Effect of Temperature on the Rate of Passage and 


1944 “an the Digestive Tract, . 


The accumulative excretion of cet44 Lor andividual 


144 


Retention Time of Ce 


Sheep expressed aS a percent recovery of the Ce 
infused into the rumen, ranged from 153.8 to 164.8% in the 
Ei rst experimental perrod and fromelZ9. 3° tov134 56% in the 
second experimental period (appendix Capless22ae—w22h0r 
Within each period there was little variation Daaeen 
sheep or temperatures in percent recovery Suggesting that 
Che Error in recovery was “constant "and not intluencedaby 
treatment. The above recovery rates were calculated on 


the basis of cel4t4 infusate counted in the form of an 


aqueous solution whereas the Cguar in the feces was 


counted in samples of the dry particulate matter of the 


38 


wth (2) eeayved tea ae, ings tiadribort aia PINES Ged. 
Go. Jen) ot finde gugein ‘hw (B asepits: viable fat a 7 


dats on Isose st Y- swovex dnesusg rit bal che idee ata a 
ud aera ier oe 


an acc 33 aa Ores Vasa Ss, Se ~ beta IDS en 2eT on? 7 : -_ ‘ 
Am oc) TC! ~~ sewot \ {) o:> =) viztrenp Fi raase fe) inietnde i 

i 
-tremtset? ortéw att of Beetcme qecte)a sot veto asd os 


bas speeted io ots4 sie gio pees ae: soeSt2 aff .£° 

























vot teh tear E> Me besa 


oa? 1S offset }NOGREGs Orit 2 agree ae se 





: ,t Dosmiteg:4 at Beviae, 


pel beet esw 21 \eleyinne noLseraygee7 vi. ote eiceT) ie t 
wertceb yeq “at,0 ya Sa Sp DS z 250 Bete t eft of Ma add - 
4edaiton sew oobets need aed tee lsdcethenee ime at gor 

fac MiGihees 262) deo PeEmBes yifss. 2 

; a 

tas 2t ’ rii2 he ott rik nahin co ine OmLT adbinesem ' 

ifs Fee Set maak a © noki stove sy ES Rip ronp, ont. =o 

bbl. 6 a ay cniank Susbhsg & BE rinacteges geet = 


2¢ WG BST of 8. bal weet Hepes hears wel, etre ceeetay 7) 
nk RG PEL of 2CERD toda 2te comver tal eines saxty” 


faewiad ncbintaby SEsanes ew ute oe Uiaiaoal aa 


* 7 
is Pane sade 


feces, In order to determine whether the medium in which 
the infusates were counted had any influence on the actual 
counts recorded by the gamma counter, cet 44 infusates from 
each experimental period were added in different propor- 
tions to samples of fresh (non-radioactive) Sheep feces 
and dried to constant Weight spr10Or to counting. These 
counts are given in appendix table 24. The number of 
Counts per g of infusate were not different when counting 
was done on infusates in a medium of dried feces than when 
counting was done on the infusate in an aqueous medium, 

In the second experimental period the infusate had 
twice the radioactivity as the infusate in the first 
experimental period and the percent recovery was smaller. 
by 28%. It appeared that the infusate with the lower 
radioactivity may have resulted in a larger error, 
However, the reason for this error was not established, 

The cumulative excretion curves for Conk are shown 
inesigures 9a = 9f.) Bach figure displays two excretion 
curves for one sheep exposed to each temperature treat— 
ment, In all the animals Galt was excreted in one feces 
more rapidly during cold than during warm exposure treat-— 
ments, Various equations were tested for their abilitya 
to accurately describe the excretion curves. The-.data 
for accumulative excretion of Ceaee for each sheep appeared 
to fit quite well the multiple regression equation. 


= 2 3 
y= by + bx + box + bx 
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FIGURE 9a. Accumulative excretion curve for Ce!4** administered 
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FIGURE 9b. Accumulative excretion curve for Ce!** administered 


into the rumen of sheep 8229. 
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FIGURE 9c. 
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Accumulative excretion curve for Ce!44 administered 


into the rumen of sheep 8236. 
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FIGURE 9d. Accumulative excretion curve for Ce!** administered 


into the rumen of sheep 2523. 
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FIGURE 9e. Accumulative excretion curve for Ce!** administered 
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FIGURE 9f. Accumulative excretion curve for Ce!** administered 
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The multiple regression analysis is presented in appendix 
table 3la. Analysis of covariance indicated that tempera- 
ture treatment differences were significant (P <0.001) 
(shown in appendix table 3lb). This means that the sheep 
within the cold treatment had a significantly greater 
rate of passage of Come through the digestive tract than 
the same sheep within the warm treatment, | 

Sheep #2523 and #0513, as shown in figures 9d and 9e 
respectively, did not show differences in rate of passage 
between temperature treatments as large as those shown 
by the other four sheep. Both sheep were within the same 
SU and were emaciated more than the others. They also had 
lower BWs (see appendix table 18). Whether poor body 
condition contributed to the very little change in rate 
of passage between temperature treatments is, however, 
uncertain, 

Geis Balch’s (1950) method for estimating mean reten- 


tion time of age in the digestive tract after the rumen 


(the number of hours after dosing to 5% accumulative aero 
excreted ), the davasshownin table: 15> wasmestimarea 
from the six sheep in both temperature treatments read 
from the excretion curves Shown in figures 9a — 9f, 

Using Balch'’s method the calculated mean retention 


aaa in the digestive tract after the rumen in 


time of Ce 
sheep exposed to the cold was lower although not signifi- 
cantly lower than in Sheep exposed to the warm treatments. 


However, the sheep exposed to cold treatments had a 
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Significantly (P<0.01) reduced reticulo-rumen mean 
retention time in contrast to the same sheep exposed to 
the warm treatments. Calculating the mean retention times 
by integrating the area beneath the excretion curves 
_(method of Faichney, 1974) the neon retention time of 
ase in the whole tract was significantly (P< 0.05) 
reduced from 38,5 in the warm eens COZ, ONnOuUrsSeIn 
the cold treatment (see table 16). 
TABLES ee eStimatlions Of mean retention) time of Coun 
in the digestive tract after the rumen (5% 


excretion time) and in the reticulo-rumen 


(80 - 5% excretion time) (after Balch, 1950). 


5% excretion time 80-—5% excretion time 

warm cold warm cold 
9236 15.0 14.0 37.0 26.0 
8229 20.5 — 1G./5) 28.5 May 3) 
27D lel a9 14.0 B25 270 
2525 20-5) 18.0 29.5 26.0 
8236 18,0 H6m5 39.0 26.5 
0513 16.0 16.0 270 2350 
mean 17.9 1G evi.) 25.7% 
S07 Seal cae t4,4 ie 


* P¢€0,01-- t-test, Steel and Torie (1960) 


Shown in figure 10, mean retention time was Significantly 
(P<0.005) reduced by 0.30 hours per degree (C) drop in 


temperature, 
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FIGURE 10. The effect of temperature on the retention time 


(hrs) 
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of Ce1*4 in the digestive tract of sheep. 
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( y = 32.12 + 0.30x ) 
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TABLE 16. The effect of temperature on the mean retention 


time of Cane in the whole digestive tract and 


the reticulum motility of sheep. 


Cold Warm 
retention time ae ee in 
the digestive tract (hours) BD 8675 
reticulum motility (contrac-— 
tions per hour) UPS) 60,0 


Balch's calculation, relative to the method used in 
this study aoe estimating mean retention time of comme in 
the whole tract, overestimated mean retention time in 
sheep exposed to the cold treatments by 21.5% and in sheep 
exposed to the warm treatments by 23.3%, Nevertheless, 
either method clearly suggested that the mean retention 
time of digesta was significantly reduced in sheep 
exposed to cold compared to sheep exposed to warm treat— 
ments, In addition, Balch's calculation suggested that 
the reduced mean retention time of digesta by sheep exposed 
to cold was due largely to a change in rumen retention 
time, As shown in figure 11, DM digestibility was Signi- 
ficantly (P 20.0005) reduced (appendix table 30) by 0.58% 
for every one hour reduction in retention time (x? = Oa 
4, The Effect of Temperature on Reticulum Motility. 

Sheep exposed to the cold treatments had a very 
significant (Ph <070005)= increase in the number of reti- 
culum contractions per hour compared with the same sheep 


exposed to the warm treatments (see table 16). Shown in 
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FIGURE 11. The relationship of dry matter digestibility (OM) 
and retention time of Ce in the digestive tract 
Of sheep when acclimated to cold (1.30) or warm 
(21.2C) environmental temperatures. 
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figure 12, the difference in reticulum contraction 
frequency in sheep between temperature treatments was 
Significantly (P< 0.02) maintained throughout the day, 
except during feeding time (see appendix table 29). 

These observations suggest that changes in the reticulo- 
rumen motility may be a major factor in reducing the mean 
retention time of digesta within the digestive tract, 
particularly the rumen, and hence reducing the digesti- 
bility of feed when Sheep are exposed to cold environmen- 
tal temperatures, 


and T. Concent— 


5. The Effect of Temperature on Serum Ty 3 


rations. 
During the cold treatment mean Ty and T3 concent- 
rations in the Serum were significantly (P¢0.05) 


increased compared to the levels during the warm treatment 


(table Way. (see also appendix table 32). 


TABLE 17. The effect of environmental temperature on the 


mean serum Ty, and T3 concentrations in sheep. 
Cold Warm 
T,(ug %) Won x 8.62 
T,(ng %) i Ge ae Shes 


* P€0,05 ANOVA 


Thyroxine concentrations were increased by over 25%, while 
T3 concentrations were increased by 65% when sheep were ac-— 
climated to cold treatments compared to sheep acclimated to 


warm treatments, 
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FIGURE 12. The reticulum motility of closely shorn sheep ex— 
posed to 21.2 and 1.3 C environmental temperature. 
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DISCUSSION 

Oxygen consumption (heat production) was 52% higher 
in the cold (1.3 ¢) than in the warm (21,2°C) treatment, 
Similar increases in energy expenditure in sheep exposed 
to cold treatments were reported by Graham fhe Rk falsely). 
When they exposed Sheep to a temperature treatment of 3 C 
compared to sheep exposed to 23 C a 41% increase in energy 
expenditure was recorded, (The sheep were fed a controlled 
ration of 1200 g dried grass cubes). In experiment I, 
Skin temperatures were considerably lower and ee bed 
temperatures were Slightly depressed in Sheep exposed to 
the cold treatment. These effects of cold temperature 
agree with the values reported by Slee and Sykes (1967) 
and Sykes and Slee (1968). ‘Thus the Sheep in experiments 
I and II were shown to have undergone a substantial degree 
of cold stress in the cold treatments compared to the same 
Sheep exposed to the warm treatments. 

Dry matter digestibilities in both experiments were 
depressed by 0.18 to 0.21% per degree (Cc) drop in tempera- 
ture, Slightly less than the values obtained by Graham 
(1964) and Young and Christopherson (1974), who rae aa 
values of -0.47% and -0.25 to -0.40% per degree (G) edrop 
in environmental temperature, respectively. Graham (1964) 
obtained the % DM regression coefficient from Sheep which 
were closely clipped and on low levels of feeding, ‘and 
Christopherson and Young (1974) obtained their % DM diges-~ 


tibility measurements on sheep fed either Slightly above 
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Maintenance or ad lib, The reductions in DM digestibility 
with decreasing temperature may be influenced by the state 
of acclimation of sheep. In experiment I the order in 
which the sheep entered the temperature treatments appeared 
to affect the degree to which DM and E digestibilities 
were reduced. Bailey (1964) found no significant reduc- 
tions in DM digestibility when Sheep were moved froma 
warm (20 C) to a cold temperature treatment (-l11 C), but 
when the sheep returned to the warm temperature treatments 
after a cold exposure of 1 week a Significant increase 
in DM digestibility resulted. The same was true for ADF 
digestibilities, Moose et al (1969) in one of his trials 
with growing lambs observed a reduction in DM digestibi- 
lity at colder environmental temperatures, but in oenen 
trial found no significant reduction, Blaxter and Wainman 
(1961) reported a reduction in DM Gigestibitaity,ingsteers 
exposedmtoycold, wut) found. that: pM digestibility tended to 
increase when environmental temperatures were further 
reduced, In summary, it appears that DM and E digesti- 
bility in sheep may be Ave ateSe by the rate at which the 
environmental temperature decreases or increases and by 
the length of time the animals are acclimated to a given 
environmental temperature, 

Processing the feed may have influenced the depression 
in E digestibility in sheep exposed to cold temperatures, 
Though the hay-fed sheep significantly reduced DM digesti- 


DiUUBEVeLGOm 6676) tos63.,S%nand ADE digestibility from 63.1 
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to 58.8% when the temperature was reduced from 17.7 C to 
0.8 C, E digestibility was not Significantly reduced, on 
the other hand in the pellet-fed sheep the digestibility 
of E as well as DM and ADF were significantly reduced, 
The hay-fed sheep may have compensated for the lower ADF 
digestibility by increasing the digestion of non-—fiber 
components of the diet when exposed to the cold environ- 
mental temperature. Energy and DM digestibilities were 
Significantly greater in the hay-fed sheep than in the 
pellet-fed sheep. The greater fecal energy losses due 

to pelleting have previously been reported in the litera- 
ture and are usually associated with reduced losses of 
energy aS heat, as the work of neehcaaia’s Chewing and 
cudding (Webster and Hays, 1968; Greenhalgh and Reid, 
1973) as as methane (Blaxter and Graham, 1956), 

INER sion ii Canter cauctionw ing ADFFatgestd bi 1 tyein 
sheep exposed to cold as opposed to warmer environment- 
al temperatures, agrees with the observations made by 
Bailey (1964) in sheep and Warren et al (1974) in cattle, 
Since fiber is digested mainly in the rumen, it seems 
that rumen function was altered by environmental tempera-— 
tule, ~Thissmighe have involvedwa change an-= the rTatevon 
fermentation and/or a change in the rate of passage of 
digesta through the digestive tract. Evidence for a 
shorter retention time of Bie ce Uapapaauien aes in the 
rumen, was provided by experiment II and is discussed 


below, 
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Environmental temperature did not have a signifi- 
cant effect on N digestibility in either the hay-fed or 
pellet-fed sheep, although the mean N digestibilities 
tended to be slightly depressed in the cold, These 
results are in agreement with those of Bailey (1964), 
Sharma and Kehar (1961) found a significantly higher 
apparent digestibility of crude protein in cows exposed 
to cooler temperatures than in cows exposed to no tem aumMLa 
climates, However, the significantly higher feed intakes 
in the cows exposed to the cooler temperatures could have 
contributed to these differences, Nitrogen Neeeee in the 
feces and, therefore, nitrogen digestibility, are probably 
determined largely by enzymatic and absorptive activities 
in the small intestine. A possible explanation for the 
Sila PUeOULEInolontttcan rer seer of temperature on nitrogen 
digestibility in the present study may be that tempera-— 
ture had very little influence on retention time of 
Orgcslawiiethesintestinalstract. “This suggestion is 
Supported by the results of experiment II which also showed 
a small but insignificant difference between temperature 
treatments in the 5% excretion times of Come Thus 
the effect of temperature on both the 5% excretion times 
Oia eee and ante mean N digestibilities appear to be 
positively and directly related, Michael and Hodges (1973) 
have suggested that in certain circumstances such as 
Pegins malnutrition, semistarvation, starvation, or high 


bulk feeding the cell turnover rate decreases in the small 
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intestine allowing the epithelial cells in the villi sees 
time to mature and develop a full compliment of digestive 
enzymes, The result would be an increased digestive and 
absorptive capacity of the small intestine, thus decreasing 
losses of N and possibly other substances in the feces, 

It is conceivable that the intestine could have an increa~ 
sed digestive capacity even at times when digestibility in 
the rumen is depressed, Whether such intestinal changes 
as described by Michael and Hodges (1973) occur in sheep 
in the cold is not known but might be a process worth 
considering in future studies, 

Water consumption, Calculated as water intake per kg 
BW per day, varied significantly between temperature 
or ration treatments, except there was a tendency for the 
sheep exposed to the cold treatments to consume less than 
the same sheep exposed to the warm treatments. Similar 
observations were reported by other investigators for 
Shecpe ballevectedlelJoz; Sedlles 1964; Butcher, 1974) 
and for cattle (Sherman and Kehar, 1961; Gengler et al, 
1970; Winchester and Morris, 1956), 

In the second experiment of this study, sheep that 
were exposed to a cold environmental temperature were 
shown to have a significant reduction in mean retention 
time of particulate matter in the digestive tract, using 
Booms as a flow marker, The mean retention time for sheep 
in the warm treatments was 398. .ehourseand Lon tne same 


sheep in the cold treatments was 32,5 hours-—-a reduction 
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of 15.6%. Warren et al (1974) reported similar results 
in Holstein steers, When the steers were exposed to two 
temperature treatments of 18 C and 32 C, the mean reten- 
tion times were 36.6 hours and 43,2 hours--a reduction 
of 15.3% when exposed to the colder temperature treat- 
ment; 

Castle (1956) reported mean retention times for goats 
ranging from 32,2 to 44,8 hours, She calculated mean 
retention time by taking the time required for every 10% 
of the residues from 5 to 95% to be excreted, Blaxter 
et al (1956) in calculating retention times by integra- 
ting the area beneath the peonee ion curve, obtained values 
of 34 to 53 hours for sheep receiving finely ground cubes 
at daily feed erence levels of 1500 and 600 gm respectively. 
Church (1969) in reviewing the work of several investiga- 
tors reported that decreasing the size of the feed parti- 
cles decreased both mean retention time and DM digestibili- 
ty. A similar reaction occurred as feed intakes were 
increased, Blaxter et al (1956) further reported that as 
DM digestibility increased, mean Peeniicn time increased 
with DM digestibility reaching a plateau at about 80%, 
However, in the experiments of this study, both feed intake 
and the level of processing were held constant across 
temperature treatments and therefore, did not contribute to 
the observed changes in DM digestibility and mean retention 
times associated with the changes in environmental tempera- 


ture. 
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Vsingebetcn. s=(1S50 "method for calculating mean 
retention times of en in the reticulo-rumen and the 
digestive tract after the reticulo-rumen, it was shown 
that the reticulo-rumen was mainly responsible for the 
difference in mean retention time between temperature 
treatments, eneae exposed to the cold treatments had a 
Significantly reduced mean retention time for Cee in 
the reticulo-rumen compared to the same sheep exposed to 
the warm prea ne, but no significant differences in 
mean retention times were obtained in the digestive tract 
after the reticulo-rumen, This information suggested that 
the rumen is mainly responsible for the observed changes 
in mean retention time and DM digestibility between 
temperature treatments, 

When mean retention time was regressed on the DM 
digestibility of each sheep across temperature treatments, 
it was shown that these parameters were significantly 
(P<0.0005) related ee = 0.67). DM digestibility was 
reduced 0,58% for every one hour reduction in mean reten-— 
tion time, 

In experiment II, the mean reticulum motilities in 
Sheep exposed to warm and cold treatments were 60.0 and 
72.5 contractions per hour, respectively. ‘There was a 
diurnal variation in reticulum motility from average 
values of about 62 to 106 contractions per hour in sheep 


exposed to the cold treatment and from values about 51 


to 80 contractions per hour in sheep exposed to the warm 
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treatments (see figure 11). ‘The highest levels of 
motility were recorded while the Sheep were eating and 
the low levels while the sheep were resting. These 
values agree with those reported by Dziuk eral 9 G96 3) 
who determined rumen motility in deer. Dziuk and 
McCauley (1965) reported values of 60 to 120 cycles 
per hour in sheep, cattle and goats at rest and feeding. 
Similar reticulum motility values were obtained by 
Balchs(l952 )\andmby Balch ebro le 1951) einecattle = ‘Mhese 
authors did not study the effects of environmental tempera-— 
ture on reticulo-rumen motility. The effects of tempera-— 
ture on reticular contraction frequency observed in the 
present Study support the results of Attebery and 
Johnson (1969) who reported an effect of temperature on 
the frequency and amplitude of rumen contractions in 
cattle, 

In experiment II, methane production rates in sheep 
did not differ significantly between temperature treatments, 
Methane production, according to Blaxter and Graham (1956)5 
is a by-product of rumen fermentation, and increases as 
retention time increases and as the digestion of cell-wall 
constituents increases, Methane production would therefore 
be expected to be depressed in sheep exposed to cold 
temperature treatments. However, Graham etgalee( 1959) ein 
agreement with the results of this study found methane 
production in sheep exposed’ to cold or warm environmental 


temperatures to remain at relatively stable levels, 
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Methane production rates within the two SUs were 
directly opposed to one another. In SU 1 which included 
Sheep 8229, 9236 and 2701, methane production was 24,6 
x OP Al ees inet heaco datreatmant  andsl7.0Lx 107 71/hr/kg 
in the warm treatment, while in SU 2, which included sheep 
25238238 sndeo51a,emethane production.was.1809 x.1073 
l/hr/kg in the cold treatment, and 22.7 x 107 1 /hr/kg in 
the warm treatment (the averages were calculated from 
appendix table 21), 

The observed changes with environmental temperature 
in reticulo-rumen motility May have been due either to 
a neural or humoral mechanism or both, activated, 
presumably, by peripheral or deep body temperature 
receptors, There is presently very little evidence con- 
cerning the physiological properties and mechanisms of 
the various reticulo—rumen receptors, except for the 
tension receptors (Iggo & Leek, 1969). Rawson and Quick 
(1972) were able to demonstrate that, by heating the 
intra-abdominal regions of a ewe, thermoreceptors appeared 
to be located in the walls of the rumen and intestine, 
They were able to further demonstrate by denervation 
techniques, that the splanchnic nerves were the ma jor 
afferent pathways for the receptors. Similar conclusions 
were drawn by Riedel et al (1973) in the rabbit. However, 
Ingram and Legge (1972) could not obtain thermoregulatory 
responses in the pig by intra-abdominal heating. 


Riedel et al (1973) and Rawson and Quick Clo 7 2 edt 
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not obtain any thermoregulatory responses nor were they 
able to activate the splanchnic afferent fibers by intra- 
abdominal cooling below normal core temperatures, Riedel 
et al were able to demonstrate, however that the abdominal 
area required 4—-times more heat than that supplied to 

the vertebral canal to evoke similar responses and sugges— 
bedethat tne vercrebralecanatl may have 3 to 4 times more 
thermoreceptors than the abdominal regions. This may 
offer an explanation as to why no changes in DM digesti- 
bility occurred when low temperature water was consumed, 
as demonstrated by Cunningham et al (1964), because 

the cold water is constantly sabe; auseeTe to near body 
core temperature each time it is ingested and does not 
provide a chronic cold stress on the intra-abdominal 
region for a sufficiently long period of time, 

Since skin temperatures tended to be considerably 
lower and rectal temperatures tended to be slightly depres- 
sed in the cold treatment compared to the warm treatment 
(experiment I), it is possible, as Suggested by Slee 
(1973), that the skin temperatures might have influenced 
the superficial cold receptors whereas the deep body temp— 
erature may have influenced both intra-abdominal and spinal 
cord thermoreceptors, The possibility that cold activation 
of thermoreceptors in sheep may result in increased vagal 
activity has not been studied, although it has been shown 
by Le Blanc and Cote’ (1967) that cold-—adapted rats do 


experience increased vagal activity as compared to warm 
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adapted rats, Tsuchiya et al (1974) demonstrated that 
increasing vagal activity by cooling the Spinal cord 
increased gastrointestinal motility in dogs. Though the 
cold temperatures necessary to illicit increased gastro- 
intestinal motility were physiologically abnormal, the 
work of Tsuchiya et al may point to an explanation for 
the increased reticulo-rumen motility in the cold exposed 
Sheep. It has been established that the reticulo—rumen 
is innervated by the postganglionic parasympathetic 
System via the vagus nerves and that medullary neuron 

and efferent vagal fiber activities are Closely associated 
with reticulum contractions (Titchen, 1968). It is 
therefore Aenaeinienas that either peripheral or deep body 
temperature receptors could lead to an increased vagal 
activity, 


ENBbotheexperiment er wands rT. T,2and T3 serum concen- 


4 
trations in sheep were higher in the cold than in the 

warm treatments. These results agree with the LinGgangseoL 

Gale (1973), for sheep and Yousef Ctpatm (1968) sion 

Cattle. The increased serum Ty and T3 concentrations were 

associated with increased metabolic activity, as indicated 

by the increased oxygen consumption and are consistent with 


the results of Yousef et al (1967). Increased T, and T 


4 3) 
serum concentrations as a result of decreased temperature 
may augment reticulo-rumen motility and thereby decrease 


DM digestibility. 


Kirton and Barton (1958) demonstrated that thyroxine 
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implanted ewes, had highly significant reductions in the 
weights of empty gastric tracts but no reduetion 1s the 
weights of the empty intestinal tracts, There was alsoa 
reduction in the weight of gastrointestinal contents, 
Miller et al (1974) demonstrated that hypothyroid cows not 
only had a significant increase in retention time of 
digesta in the digestive tract, but had 90% more wet 
ingesta and 76% more dry matter in the rumen than cows 
with intact thyroids., Abomasal contents had 50% more 
wet TERETE and 40% more dry matter and the distal 
large intestine contained 127% more wet material and 100% 
more dry matter in the thyroid damaged cows than in the 
normal cows. But the contents in the omasum and remaining 
digestive tract differed very little between hypothyroid 
and normal cows, Although the changes in gut-fill in the 
above study might have been due to changes in feed 
intake, there may also be direct effects of thy- 
roid hormones on the gut” (Balch et al, 1952). These 
investigations support the suggestion that increased serum 
thyroid hormone concentrations Iay have augmented rumen 
motility and thus decreased DM digestibility in sheep 
exposed to cold treatments. 

However, the thyroid hormones may have a different 
effect on the small intestine, Levin (1969 )ee"in 
reviewing the work from several investigators, concluded 
that thyroxine appears to have a mitogenic effect on the 


intestinal crypts and an overall hypertrophic effect on 
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the small intestine, This may help to explain why N and 
possibly E digestibilities did not always differ sig- 
nificantly between temperature treatments in experiment I. 
A possible hypertrophy of the small intestine, as a 
result of the increase in thyroid hormones, may have 
increased the digestive and absorptive Capacity of the 
small intestine. This was discussed earlier, 

Although the sheep in this study were on a controlled 
intake, the daily excretion of DM in the feces was 
greater in the sheep exposed to the cold treatments 
(decreased digestibility). It has been shown (Gale, 1973) 
that a rise in thyroid hormone is related to the enhanced 
enterohepatic clearance of unmetabolized hormone. Rats 
exposed to the cold increase their uptake of food and 
therefore excrete more thyroid hormone in the greater 
fecal bulk. This may have occurred in the Sheep of ex- 
periments I and II, however this Doce ee has not 
been studied in ruminants, 

Although most of the PBI values fell within the 
usval range of 3.0 to 7.0 mcg % (Falconer and Draper, 
1967) they did not Significantly differ between tempera-— 
ture treatments. Halliday et al (1969) found PBI 
concentrations to be significantly higher in) the cold— 
acclimated than in the warm-acclimated sheep. However, 
Heroux and Brauer (1965) found that cold-acclimated rats 
ona dispose of a much greater amount of thyroxine than 


the warm—-acclimated rats and were able to maintain a 
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normal PBI level. They suggested that this greater 
tolerance of thyroxine by the cold-acclimated rats could 
be due either to increased elimination or to increased 
metabolism of thyroid hormones, the’ lack of effect of 
temperature on PBI levels, in Spite of increase in serum 
T3 and Ty levels in the cold, suggests that PBI concen-~ 
tration is not always a reliable indicator of circulating 


levels of thyroid hormone. 
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SUMMARY AND CONCLUSIONS 

1; Experiment: I 

a. In the first of two experiments, 12 closely shorn 
yearling wethers receiving hay either in the long form 
(hay-fed sheep), or in the pelleted form (pellet—fed 
sheep), and maintained at the same intake throughout the 
experiment, were acclimated to temperatures of 0.8, 10.0 
angelie7 C,ueinhe apparent digestibilities ot DM, "ES and 
ADF within each ration were positively correlated with 
environmental temperature. In the hay-fed sheep ADF 
digestibility was significantly (P<0.05) reduced by 
0.25% and DM was reduced but not significantly (P> 0.05) 
Byrom peGEaeOLeeaOLODEI il eLeEMpelalure,. —Diy matter, «5 
and ADF digestibilities in the pellet-fed sheep were 
mov oni Can why mr <a0e 05 mereducedaby 0,21, m0e 19 and OT23% 


respectively, per degree drop in temperature. 


b. Neither environmental temperature nor ration had a 
Significant effect on the apparent digestibilitiy of N in 
sheep. N retention tended to be higher in the sheep 
exposed to the warm treatments than in the sheep exposed to 


the cold treatments, 


ec. Environmental temperature had no significant effect 
on water intake in sheep although there was a trend for 
water intake to decrease with decreasing environmental 


temperature, 
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ad. Thyroxine (Ty) and triiodothyronine (T3) plasma 
concentrations were Significantly (P<0.05) increased 
Frome 130 Go mie GFL. 7 enGm7 3.0 to 11977 nok respectively 
in the hay~fed sheep as temperature was decreased from 
Dieu eo. 0.8 c, Plasma Ty and T3 concentrations were 
increased significantly (P<0.05) from 8.70 to 12,76 ug% 
ane 4128 2 to 2 Alevjengs respectively, in the pellet-fed 


Sheep as temperature was decreased from 17.7 to 0.8 Ce 


2. Experiment ITI 

a. In this experiment, six rumen fistulated and closely 
Shorn sheep receiving a constant intake of a pelleted hay 
ration, were acclimated to temperatures of 1.3 and 21.2 c, 
The apparent digestibility of DM was Significantly 
(P<0.05) reduced by 0.18% per degree (C) Gecrease in 


temperature, 


b. The mean retention time of digesta, determined from 
fecal excretion patterns of eae was Significantly 
(P <0.05) reduced to 32.5 hours in the cold treatment from 


38.5 hours in sheep exposed to the warm treatment, 
c. Reticulum motility was significantly (P< 0.0005) 
increased from 60 contractions per hour in the warm treat-— 


ment to 72.5 contractions per hour in the cold treatment. 


d. Oxygen consumption was significantly (P< 0.05) 
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increased in the cold treatment compared to the warm 
treatment. Environmental temperature had no significant 


effect on methane production, 


e. Ty and T3; Serum concentrations increased from 8,62 
to 11.01 Aug% and from 94.7 to 156.2 ng% respectively 


(P<0.05) as temperature was decreased EVOMge tet Owl ees ee. 


See Inepdi rect relationship between environmental tempera-— 
ture and apparent digestibility of DM, E and ADF in sheep 
was confirmed, although in Sheep receiving long hay, the 
apparent digestibility of EB was not Significantly 
affected by environmental temperature. In experiment II 
apparent digestibility of DM, was positively (P<0.05) 
correlated with mean retention time of digesta in the 
digestive tract. The possible involvement of thyroid 
hormones and eel activity as mediators of the increased 
reticalosrumen motility were discussed, It is concluded 
that cold environmental temperatures increase the 
motility and reduce the mean retention time of digesta in 
the digestive tract resulting in depressed apparent 


digestibilities of DM and ADF in cold exposed sheep. 
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APPENDIX 





TABLE 28, The ANOVA on the effect of temperature on the 
reticulum contraction frequency in sheep. 

ache MESS P tie Pere 
Sheep (S) 5 356.348 
Temperature (T) i 653 Jiao «0.0005 <<O.,0005 
Period (P) ab ISS 550 O25 
Residual 4 281.88 
Residual” (D/TSU) *10 188.8 
Hours (H) 6 3581.4 0.0000 <¢- 0000 
HS 30 55.024 
elie 6 240700 07.05 S0.0025 
HP 6 Gis o <0.05 
Residual = (HTS/U) 24 95.645 
Residual’ (up/Tsu) **62 63.419 


* lost 2 degrees of freedom since 2 sets of determinations 
were estimated to be the same as the second 2 sets of 
determinations 


** Jost 10 degrees of freedom since 10 determinations were 
osc 


P.L.e 
Spike 


- probability level tested against residuals 


- probability level tested against residuals 
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APPENDIX 


The effect of temperature on totalserum . 
thyroxine (Ty) and total serum triiodothyronine 


(T3). 


Sheep T,4 T3 

ies D's (pg%) (ng%) 

cold warm cold warm 

9286 iL (Ole! Deal ib SIs) 78 
2701 25 V4 Vee o2 103 
8229 UPA Sts) Ons AL TAC) 130 
OiD1e3 10,24 On. 210 ohh 
8236 MG) iets) 8.60 Wigley 75 
ES EAS pL Oma 6.28 115 83 


The amount of time each sheep spent lying down 
within each temperature treatment, 


Period One Period Two 
Sheep % Of % Of 
I.D. Temp Time § Temp Time 
9236 3 0 BOF 38 
8229 lees 0 A 2 36 
2701 thse 0 2On2 48 
2523 0)2 50 1.3 0 
B2cG 20m 78 13 0 
0513 20Ne 65 1:3 0 


Observations made between 900 and 1900 hours, 
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